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EXECUTIVE SUMMARY 
J. M. Shafer 
Ground water i s a v i t a l n a t u r a l r e source in I l l i n o i s , s e rv ing over 
f i ve m i l l i o n people . Approximately 88% of publ ic water supply systems 
in I l l i n o i s use ground water as a supply source . The q u a l i t y of t h i s 
n a t u r a l resource is t h r ea t ened , however, by the major i n d u s t r i a l and 
a g r i c u l t u r a l a c t i v i t y in the s t a t e . The magnitude and d i v e r s i t y of 
commercial a c t i v i t y in I l l i n o i s have r e s u l t e d in t h e widespread use of 
innumerable chemical p roduc ts . The everyday use of these chemical 
p roduc t s , coupled with the genera t ion and d i sposa l of l a r g e volumes of 
hazardous subs t ances , c r ea t e s the p o t e n t i a l for ground-water contami-
n a t i o n . 
In August 1984, I l l i n o i s Governor James R. Thompson s igned l e g i s -
l a t i o n d i r e c t e d toward p r o t e c t i o n of ground water in I l l i n o i s from 
contaminat ion. Publ ic Act 83-1268, in t roduced as House B i l l 3193 by 
Rep. Barbara Flynn C u r r i e , provides t h a t the I l l i n o i s Department of 
Energy and Natura l Resources (DENR), with cooperat ion from the I l l i n o i s 
Environmental P r o t e c t i o n Agency (IEPA) and the I l l i n o i s Department of 
Publ ic Heal th (IDPH), wi l l complete an assessment of cur ren t ground-
water q u a l i t y in I l l i n o i s . P.A. 83-1268 s t a t e s t h a t the ground-water 
q u a l i t y assessment is to focus on determining cur ren t l e v e l s of 
ground-water contamination by hazardous subs tances . In a d d i t i o n , the 
mandated s tudy is to provide recommendations on p r i o r i t i e s for fu tu re 
r e s e a r c h necessary for the a d m i n i s t r a t i o n of a ground-water p r o t e c t i o n 
program in I l l i n o i s . 
The I l l i n o i s S t a t e Water Survey (ISWS), a d i v i s i o n of DENR, is 
r e s p o n s i b l e for the conduct of the r e sea r ch mandated by P.A. 83-1268. 
This r e p o r t p re sen t s the r e s u l t s o f t h i s r e s ea r ch . I t d i s cusses the 
r e s e a r c h methodologies used by the ISWS to c h a r a c t e r i z e cu r r en t hazard-
ous s u b s t a n c e - r e l a t e d commercial a c t i v i t y and ground-water q u a l i t y in 
I l l i n o i s . The r e p o r t a l so d i scusses ground-water qua l i t y moni tor ing 
for the de t ec t i on of hazardous subs tances in ground water . Because of 
the a n t i c i p a t e d wide d i s t r i b u t i o n of the r e p o r t to an audience of 
var ied background, a s e c t i o n de sc r ib ing ground-water contaminat ion 
mechanisms is included to provide information on the bas ic concepts of 
ground-water flow and s o l u t e t r a n s p o r t . Deta i led r e s u l t s of the 
hazardous substance a c t i v i t i e s and ground-water q u a l i t y assessments are 
p resen ted , inc lud ing recommendations for fu r the r r e s e a r c h . 
Ex i s t i ng and p o t e n t i a l causes of ground-water contamination a re 
not r e l a t e d s o l e l y to hazardous waste genera t ion , hand l ing /hau l ing , and 
d i s p o s a l . There a r e many a d d i t i o n a l p o t e n t i a l sources of ground-water 
contamination inc lud ing : 
1) a g r i c u l t u r a l chemical use , 
2) animal confinement and feeding, 
3) o n - s i t e wastewater d i s p o s a l , 
4) s e p t i c and sewer sys tems, 
5) s o l i d waste d i s p o s a l , 
6) underground s t o r a g e t a n k s , 
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7) underground i n j e c t i o n of wastes , 
8) o i l and gas product ion, 
9) highway d e - i c i n g , 
10) mining a c t i v i t i e s , 
11) i n t e r - a q u i f e r t r a n s f e r of contaminat ion , and 
12) i n f i l t r a t i o n of contaminated sur face wa te r . 
The incidence of a ground-water contaminat ion event can be e i t h e r 
l o c a l i z e d ( i . e . , a point source) o r s p a t i a l l y d i s t r i b u t e d ( i . e . , a 
nonpoint s o u r c e ) . An example of a p o t e n t i a l point source of ground-
water contaminat ion is a l e ak ing waste d i sposa l f a c i l i t y . An example 
of nonpoint incidence of ground-water contamination is the reg iona l 
a p p l i c a t i o n of a g r i c u l t u r a l chemicals . Because of t h e d i v e r s i t y of 
sources of ground-water contamination and because s e r i o u s ground-water 
contaminat ion may r e s u l t from nonpoint sources as we l l as point 
s o u r c e s , the ISWS has chosen an a l l -encompassing d e f i n i t i o n of hazard-
ous subs tance a c t i v i t y for purposes of t h i s s tudy . Hazardous sub-
stance a c t i v i t i e s are a c t i v i t i e s that involve the generation, use , 
d i s t r i b u t i o n , s torage , treatment, and/or disposal of hazardous chemical 
compounds that may, or may not, be considered wastes . 
The t h r e e primary o b j e c t i v e s of the S t a t e Water Survey ' s e f f o r t 
under P.A. 83-1268 a re t o : 
1) i d e n t i f y hazardous substance a c t i v i t i e s in I l l i n o i s and perform 
a r eg iona l assessment of t h e i r l o c a t i o n s and t y p e s , 
2) use e x i s t i n g data to perform a s t a t ewide assessment of cu r ren t 
ground-water qua l i t y in r e l a t i o n to hazardous substance 
a c t i v i t y , and 
3) make recommendations for the es tab l i shment of a s t a t ewide 
hazardous s u b s t a n c e - r e l a t e d ground-water qua l i t y moni tor ing 
plan on the bas i s of hazardous substance a c t i v i t i e s , ground-
water use, and aqui fe r s u s c e p t i b i l i t y . 
This approach was adopted so tha t t h i s i n i t i a l i n v e s t i g a t i o n would 
provide a broad foundation on which to base subsequent t o p i c a l r e s e a r c h 
on ground-water q u a l i t y and hazardous substance a c t i v i t i e s in I l l i n o i s , 
as well as a foundation for development, implementation, and admini-
s t r a t i o n of a ground-water p ro t ec t i on program. 
The purpose of the s t a t ewide hazardous substance a c t i v i t i e s 
assessment is to provide a q u a l i t a t i v e and, in some i n s t a n c e s , a quan-
t i t a t i v e eva lua t i on of the v a r i e t y and d i s t r i b u t i o n of hazardous sub-
s t ance gene ra t ion , handl ing , hau l ing , and d i sposa l throughout I l l i n o i s . 
The r e s u l t s of the hazardous substance a c t i v i t i e s assessment a re pre-
sented v ia a s e r i e s of maps showing the d i s t r i b u t i o n of s e l e c t e d 
a c t i v i t i e s in I l l i n o i s . Findings show, as one would expec t , t h a t most 
i n d u s t r i a l - b a s e d hazardous substance a c t i v i t i e s a re l o c a t e d in c lose 
proximity to major urbanized a reas wi th in the s t a t e . Analyses of 
var ious subse t s of the compiled information are more r e v e a l i n g of the 
r eg iona l v a r i a t i o n in hazardous subs tance a c t i v i t i e s throughout 
I l l i n o i s . 
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Where possible, Standard Indust r ia l Classif icat ion (SIC) codes are 
used to identify broad categories of indust r ia l a c t i v i t i e s that may 
involve hazardous substances. In other instances, Resource Conserva-
tion and Recovery Act (RCRA) f ac i l i t y iden t i f i e r s are used along with 
self-designated "RCRA-like" ident i f ie rs to dist inguish hazardous sub-
stance a c t i v i t i e s . The statewide dis t r ibut ion of agr icul tura l 
ac t iv i t i e s is inferred from county cropland s t a t i s t i c s . 
P.A. 83-1268 mandates a statewide assessment of current ground-
water quali ty, based on exist ing ground-water quali ty data, with 
specif ic a t tent ion to contamination by hazardous substances. His tor i -
cal ly, most ground-water quality data have been generated ei ther for 
determination of the t r e a t a b i l i t y of the potential supply or for 
evaluation of compliance with the 1972 and 1977 Federal Water Pollution 
Control Act and/or the Federal Safe Drinking Water Act of 1974. The 
ISWS maintains a ground-water quality data base containing the r e su l t s 
of chemical analyses from indus t r i a l , domestic, and public water supply 
systems dating back to the early 1900's. Unfortunately, the vast 
majority of the analyt ical determinations have been for water quality 
parameters (e .g . , a lka l in i ty , hardness, to ta l dissolved solids (TDS), 
and major cations and anions) which do not uniquely indicate ground-
water contamination by hazardous substances. 
The types of chemical constituents generally associated with 
hazardous substance ac t i v i t i e s include many organic compounds (particu-
l a r l y the myriad synthet ic organic compounds), inorganic compounds, 
heavy metals, and radionuclides. Quite often, the detection of these 
substances in ground water has resul ted from invest igat ion of suspected 
contamination or , in some instances, from random sampling of drinking 
water wells . The discovery of hazardous substances in ground water on 
a statewide basis has not resulted from a planned and systematic 
spa t ia l and temporal search. Furthermore, data from specif ic ground-
water monitoring programs, such as RCRA, are re la ted to certain classes 
of hazardous wastes. They are not, however, of suff icient number or 
spa t ia l d is t r ibut ion to support any statewide ground-water quality 
assessment. 
During the course of th i s study, it became apparent that the 
assessment of I l l i n o i s ground-water quality spec i f ica l ly re la ted to 
hazardous substances is not possible given the level of information 
currently avai lable . Ground-water quality data for specif ic organic 
compounds are v i r tua l ly nonexistent on a regional bas is . There are 
even too few r e l i ab l e data on to t a l organic carbon (TOC), considered a 
gross indicator of contamination, to legit imize a regional assessment. 
This lack of organic compound data is the primary motivation for recom-
mending regional ground-water quality monitoring programs specif ical ly 
directed toward the detection of hazardous substances. 
The statewide ground-water quali ty assessment, using ver i f iab le , 
routinely sampled water quality parameters, emphasizes post-1970 public 
water supply ground-water quality data. These data are more represen-
t a t i ve of current ground-water quality conditions than ea r l i e r data. 
Although the ground-water quali ty assessment supported by exist ing data 
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is not d i rec t ly re la ted to hazardous substance contamination of ground 
water, it is informative and valuable in determining the general 
quality of I l l i n o i s ground water. 
The statewide ground-water quality assessment was conducted indi-
vidually for three general aquifer c lass i f i ca t ions within I l l i n o i s : 
sand and gravel aquifers , shallow bedrock aquifers , and deep bedrock 
aquifers . The r e su l t s of the analyses for TDS, n i t r a t e , barium, and 
chloride are presented in t h i s report to i l l u s t r a t e the types of 
analyses performed. An analysis of the l imited amount of avai lable TOC 
data is presented as evidence of the insufficiency of these data. 
A summary of the hazardous substance a c t i v i t i e s in I l l i n o i s was 
integrated with water use and hydrogeologic information to provide a 
basis for recommending a statewide hazardous substance ground-water 
quali ty monitoring program. It is speci f ica l ly directed toward evalu-
ating the regional impact of hazardous substances on the quality of 
ground water in I l l i n o i s . This i n i t i a l investigation presents the 
ra t iona le for such a monitoring program. However, future studies will 
be required to develop the actual mechanisms of the program. 
There are several reasons for establ ishing a statewide ground-
water quali ty monitoring program for hazardous substances. These are: 
1) our current and future dependence on ground water, 
2) the large quanti t ies of hazardous substances generated and 
managed within the s t a t e , 
3) the uncer ta int ies involved in relying on inadvertent detection, 
4) the awareness that s i t e - spec i f i c ground-water quality 
monitoring is inadequate for assessing regional effects , 
5) the s ignif icant lack of data on synthet ic organic compounds in 
I l l i n o i s ground water, 
6) the unavai labi l i ty of levels of funding and expert ise required 
for sample collect ion and analysis at the county or local level 
of administration, and 
7) the need for baseline information on hazardous substances as a 
foundation for evaluation of the performance of future ground-
water quali ty protection programs in I l l i n o i s re la ted to con-
tamination by hazardous substances. 
The recommended monitoring program must be well-conceived and 
dynamic, with f l e x i b i l i t y to change as needs or emphases sh i f t . It 
also must be economically and f inancial ly feas ib le . In response to 
these requirements, ground-water resources that are susceptible to 
contamination are identif ied throughout I l l i n o i s . The delineation of 
these designated "sensi t ive" ground-water resources f a c i l i t a t e s estab-
lishment of p r i o r i t i e s for ground-water quality monitoring. 
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Sens i t i ve ground-water r esources a re determined by using the 
r e s u l t s of the hazardous substance a c t i v i t i e s assessment in conjunction 
wi th the l o c a t i o n of p r i n c i p a l a q u i f e r s , the amount of ground-water 
c u r r e n t l y being withdrawn, and aqu i fe r s u s c e p t i b i l i t y . The c r i t e r i a 
used to define t a r g e t e d a reas inc lude : 
1) ground-water withdrawals g rea t e r than 100,000 gpd per 
township, 
2) des igna t ion as a p r i n c i p a l sand and gravel or shal low bedrock 
a q u i f e r , 
3) g r ea t e r than 2.0 hazardous s u b s t a n c e - r e l a t e d a c t i v i t i e s per 
square mile per z ip code a rea , and 
4) des igna t ion as a h igh ly s u s c e p t i b l e sand and gravel or shal low 
bedrock a q u i f e r . 
The most h ighly ranked t a r g e t areas for monitor ing of hazardous 
subs tances in ground water surround the major urban a r ea s of Chicago, 
J o l i e t , Rockford-Belvidere, Peor ia -Pek in , East S t . Louis , Rock I s l a n d -
Moline, and Kankakee. 
Ground-water q u a l i t y monitoring programs have been proposed pre-
v ious ly and a re in var ious s t ages of implementation in I l l i n o i s . 
However, t hese programs have goals and ob jec t ives which a r e d i s t i n c t l y 
d i f f e r e n t from a ground-water q u a l i t y monitoring program d i r ec t ed 
s p e c i f i c a l l y toward hazardous subs t ances . Neve r the l e s s , any newly 
e s t a b l i s h e d program should complement and augment these e x i s t i n g 
programs where poss ib l e to avoid need less dup l i ca t i on of e f f o r t . 
The fol lowing recommendations r e s u l t from the I l l i n o i s S t a t e Water 
Survey s t u d i e s of hazardous substance a c t i v i t i e s , ground-water q u a l i t y , 
and ground-water qua l i t y monitor ing r e l a t e d to hazardous subs tances in 
I l l i n o i s . 
1. Data Co l l ec t i on : 
• Gather da ta on s y n t h e t i c o rgan ic compounds in ground water 
as par t of a proper ly planned hazardous substance ground-
water monitor ing program. 
• Gather da ta on the types and amounts of a g r i c u l t u r a l 
chemicals app l ied to I l l i n o i s row crops , e s p e c i a l l y over 
s e n s i t i v e a q u i f e r s . 
• Gather da ta concerning the o n - s i t e management of hazardous 
subs t ances . 
• Update the hazardous substance a c t i v i t i e s da ta base as more 
d e t a i l e d information becomes a v a i l a b l e . 
• Rela te cur ren t a c t i v i t i e s to those which took place in the 
past which may have a l r eady s i g n i f i c a n t l y a f fec ted ground-
water r e s o u r c e s . 
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2. Data Verification: 
• Develop a process to verify waste stream types and composi-
t ion, and location and management practices for hazardous 
substances. 
• Enhance the water quali ty data ver i f ica t ion and sample 
support information. 
3. Data Refinement: 
• Improve knowledge of individual chemicals being used in 
industr ia l processes. This information will identify more 
specif ic water quali ty monitoring parameters based on the 
prevalence of surrounding a c t i v i t i e s . 
• Examine the r e l i a b i l i t y of samples from PWS wells as 
compared to samples from dedicated monitoring wells . 
• Improve the current method of re la t ing indus t r ia l 
a c t i v i t i e s to specif ic hazardous substances. This method 
should take into account the s ize and history of 
a c t i v i t i e s . 
• Incorporate information on ground-water levels to help 
delineate regional and local ground-water flow pat terns . 
• Evaluate the suscep t ib i l i ty of a l l I l l i n o i s aquifers to 
hazardous substance contamination, beginning with sand and 
gravel aquifers. 
• Improve sampling and analyt ical methods and ensure the 
report ing of the methods employed, detection l imi t s , e t c . 
• Conduct further studies to examine possible re la t ionships 
between increased mineralization of shallow aquifer ground 
water in urban areas and hazardous substance a c t i v i t i e s . 
4. Ground-Water Quality Monitoring Strategy Refinement: 
• Modify target area se lect ion methodology to incorporate 
agr icul tura l pesticide data and improved hazardous sub-
stance data. 
5. Ground-Water Quality Monitoring Strategy Implementation: 
• I n s t i t u t e a pi lot study within one targeted region to 
evaluate the effectiveness of the target ing process and to 
provide a methodology to follow in other targeted regions. 
• Provide regular reports describing program ac t iv i t i e s and 
effectiveness. 
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INTRODUCTION 
H. A. Wehrmann, M. D. Broten, and S. C. Schock 
The threat to the public and environment posed by the contamina-
tion of ground-water resources led the Governor of I l l i n o i s and the 
83rd General Assembly to enact P.A. 83-1268 (HB 3193, introduced by 
Rep. Barbara Flynn Curr ie) . The Act directs the I l l i n o i s Department of 
Energy and Natural Resources (DENR) to complete a study of ground-water 
quali ty in I l l i n o i s . As mandated by the l eg i s la t ion , the study, 
"at a minimum shall include a compilation of currently ava i l -
able data on groundwater quality and a limited amount of 
taking of new water samples from exist ing wells to f i l l in 
major data gaps to provide a preliminary assessment of 
current levels of contamination of the groundwaters in the 
State by hazardous substances, and an ident i f ica t ion of the 
location of c r i t i c a l underground resources such as recharge 
zones and high water t ab les . Such study shal l give p r io r i ty 
to the assessment of groundwater quality near hazardous waste 
f a c i l i t i e s and shal l include recommendations on p r io r i t i e s 
for future studies and research necessary to administer a 
groundwater protection program." 
The leg i s la t ion further mandates that a report summarizing the 
findings of the study will be submitted to the I l l i n o i s Pollution 
Control Board (IPCB), the I l l i n o i s Environmental Protection Agency 
(IEPA), the General Assembly, and the Governor. 
The I l l i n o i s State Water Survey (ISWS), a division of DENR, is 
responsible for the conduct of the research mandated by P.A. 83-1268. 
This report summarizes the findings of the ISWS. It discusses the 
ava i l ab i l i ty of ground-water quality data and hazardous substance 
a c t i v i t i e s data for I l l i n o i s and recommends a statewide plan for moni-
toring the impact of hazardous substance-related a c t i v i t i e s on ground-
water quality in I l l i n o i s . 
Background 
Ground water provides approximately 975 million gallons per day 
(mgd) to I l l i n o i s indus t r ies , farms, and people (Kirk et a l . , 1984). 
Almost 50% of the 11.5 million people l iving in the s t a t e depend on 
ground water to meet thei r domestic needs. Public water supplies 
furnished approximately 466 million gallons of ground water each day 
during 1982. Of that amount, 168 mgd (or 36%) was derived from sand 
and gravel aquifers found within glacial deposits overlying bedrock 
formations (Figure 1). The remaining 64% was derived from several 
bedrock uni t s . Shallow bedrock formations consisting pr incipal ly of 
Mississippian-Pennsylvanian and Silurian-Devonian age aquifers at a 
depth of less than 600 feet accounted for 102 mgd (Figure 2) . Pumpage 
from aquifers greater than 600 feet , consisting primarily of Cambrian-
Ordovician age aquifers, provided 196 mgd (Figure 3) . 
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Figure 1. Public water supply pumpage from 
sand and gravel aquifers (1982) 
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Figure 2. Publ ic water supply pumpage from 
shallow bedrock aqu i f e r s (1982) 
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Figure 3. Publ ic water supply pumpage from 
deep bedrock aqu i f e r s (1982) 
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Given the proper hydrologic, climatologic, and contaminant source 
conditions, a l l of these aquifers are susceptible to contamination from 
a wide variety of a c t i v i t i e s , par t icular ly when the amounts of pers is -
t en t , mobile hazardous substances generated, used, and disposed of 
throughout I l l i n o i s are considered. 
I l l i n o i s is a major indust r ia l and agr icul tura l s t a t e . Both 
industry and agr icul ture contribute to the production, treatment, 
d is t r ibut ion , use, storage, and disposal of hazardous mater ials . 
Municipal sol id waste and wastewater treatment and disposal operations 
can also contribute to the d is t r ibut ion of hazardous substances. 
Figure 4 displays a statewide overview of the d is t r ibut ion of f ac i l -
i t i e s in I l l i n o i s which may handle hazardous substances. A significant 
number of a c t i v i t i e s that do not necessarily handle hazardous "wastes" 
has been included, since many substances employed in primary and 
secondary processes are considered hazardous yet are not "waste" 
mater ials . Even so, I l l i n o i s ranks as the second larges t generator of 
hazardous wastes in the U.S. (along with Ohio), with 1% of the to ta l 
U.S. production. The leading s t a t e is New Jersey with 8% of the 
nat ion 's to ta l generation of hazardous waste (USEPA, 1980). 
The I l l i n o i s Environmental Protection Act of 1970 gave authority 
to the IEPA to "conduct a program of continuing surveil lance and of 
regular or periodic inspection of actual or potent ial contaminant . . . . 
sources, of public water supplies, and of refuse disposal s i t e s " ( I l l . 
Rev. Sta t . Ch. 111 1/2, Sec. 4) . Proposed regulations pursuant to the 
Act and presently before the IPCB require a ground-water monitoring 
system that will "enable detection and measurement of waste const i tu-
ents that have entered the ground water" at a l l waste f a c i l i t i e s 
(Part 733. Proposal to Adopt Regulations pursuant to I l l i n o i s Environ-
mental Protection Act, May 30, 1984). 
In 1976, the U.S. Congress established a federal program directed 
specif ical ly toward hazardous wastes with the passage of the Resource, 
Conservation, and Recovery Act (RCRA). Several objectives of RCRA are 
to develop a se t of c r i t e r i a to determine which wastes should be c las-
s i f ied as "hazardous"; a manifest system to track hazardous wastes from 
the point of generation to ultimate disposal ( i . e . , the "cradle to 
grave" concept); standards for the construction, operation, and moni-
toring of disposal f a c i l i t i e s ; and guidelines for developing s t a t e 
hazardous waste management programs. RCRA is administered by the IEPA 
in I l l i n o i s . With the monitoring requirements se t forth in RCRA and 
the I l l i n o i s Environmental Protection Act, early warning of ground-
water contamination from presently operated waste s i t e s and waste s i t e s 
closed since 1970 is ant ic ipated. 
As compiled from the I l l i n o i s hazardous waste manifest system, 
those counties which generated and managed greater than one million 
gallons of hazardous wastes o f f - s i t e in 1982 were Cook, DuPage, Kane, 
Kankakee, Lake, Madison, Peoria, St. Clair , Sangamon, Will, and 
Winnebago. Counties which stored, t reated, or disposed of greater than 
one million gallons of hazardous wastes in 1982 were Bureau, Cook, 
Grundy, Lake, Ogle, Peoria, St. Clair , Sangamon, Will, and Winnebago. 
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Figure 4. F a c i l i t i e s which may handle hazardous m a t e r i a l s 
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It is not d i f f icu l t to see that most of the hazardous wastes are gener-
ated in the urban/industrial centers such as Chicago, Jo l i e t , Peoria, 
Rockford, and East St . Louis. These areas also const i tu te regions with 
the larges t populations and those where the largest amount of ground 
water is withdrawn. 
According to the manifests, the IEPA (1983) reported that 67 
million gallons of hazardous wastes were disposed o f f - s i t e in I l l i n o i s 
in 1982. In addit ion, the amount of hazardous wastes stored or d is -
posed on-s i t e , which is not recorded in the manifest system, may be 
larger than the amount currently tracked (Heavisides et a l . , 1983). 
One estimate indicates that 26-80% of the hazardous wastes generated in 
I l l i n o i s in 1980 were managed on-si te by possibly unaudited, discre-
tionary means (Grigalauski, 1981). 
While the manifest system maintains a record of point sources of 
hazardous wastes (wastes that or iginate from a specif ic location or 
f a c i l i t y ) , nonpoint sources of hazardous substances resul t ing from 
spa t i a l ly dis t r ibuted application of various chemicals are not 
recorded. Consequently, agr icul tural chemicals applied to the f ields 
of I l l i n o i s , such as f e r t i l i z e r s and pest ic ides , are not part of the 
manifest system. Such nonpoint sources may contribute to contamination 
of ground water in rural areas. 
I l l i n o i s is a leading producer of corn and soybeans in the U.S., 
t r a i l i n g only Iowa in the production of these crops in 1983 ( I l l i n o i s 
Department of Agriculture, 1984). Nearly 22 million acres or 60% of 
I l l i n o i s land area are considered prime farmland. Figure 5 shows the 
percent of area in actual crop production for each county in 1978. The 
amounts of agr icul tura l chemicals applied to I l l i n o i s cropland to 
support t h i s production, and the toxic i ty of these chemicals, create 
the potential to seriously affect ground-water quali ty. 
The threat to I l l i n o i s ground water from a variety of hazardous 
substances is r ea l . Synthetic organic compounds and other contaminants 
often associated with hazardous materials a c t i v i t i e s have been found in 
many public and private drinking water wells across the s t a te 
(Wehrmann, 1984; Lindorff and Cartwright, 1977; Walker, 1973). But the 
ident i f ica t ion of these contaminants in the water was the resu l t of 
widely scat tered and divergent invest igat ions . The contaminants were 
not detected as a resu l t of a comprehensive approach to assess the 
quality of the s t a t e ' s ground water. P.A. 83-1268 presented the oppor-
tuni ty to formally review the h i s to r ica l data on ground-water quality 
collected since 1895 and to recommend a needed plan for future ground-
water quality data collection ef for ts . 
Study Tasks 
The I l l i n o i s State Water Survey has completed a regional assess-
ment of ground-water quality in I l l i n o i s , based on a review and 
cr i t ique of available ground-water quali ty data. However, the ground-
water quality data are only one aspect of th i s i n i t i a l effort . Three 
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Figure 5. D i s t r i b u t i o n of a g r i c u l t u r a l land use (1978) 
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i n t e r r e l a t e d t a s k s have evolved to provide an assessment of the s t a t e ' s 
ground-water q u a l i t y in r e l a t i o n to hazardous substance a c t i v i t i e s and 
to c r i t i c a l l y eva lua t e the r e s u l t s o f the assessment . These t a s k s a r e : 
1) assessment of cu r r en t hazardous m a t e r i a l s a c t i v i t i e s , 
2) assessment of r eg iona l ground-water q u a l i t y , and 
3) i n t e g r a t i o n of a v a i l a b l e information for recommendation of a 
s t a t ewide hazardous substance ground-water monitor ing program. 
Task 1: Assessment of Current Hazardous Materials A c t i v i t i e s 
The focus of t h i s assessment is the de te rmina t ion of the l o c a t i o n , 
t y p e , and s i z e of hazardous m a t e r i a l s g e n e r a t o r s , h a u l e r s / h a n d l e r s , and 
d i spose r s t ha t a re c u r r e n t l y a c t i v e wi th in the s t a t e . Cons idera t ion o f 
hazardous "waste" f a c i l i t i e s a lone is not s u f f i c i e n t for an assessment 
of p o t e n t i a l ground-water contamination sou rce s . I napp rop r i a t e 
handling of hazardous subs tances during gene ra t i on , t r a n s p o r t , and 
s t o r a g e can pose as much of a t h r e a t to ground-water q u a l i t y as 
improper waste d i sposa l p r a c t i c e s . Because many such a c t i v i t i e s a r e 
unregula ted , t he n a t u r e , l o c a t i o n , and frequency of occurrence of these 
a c t i v i t i e s are a s ses sed . 
Task 2: Assessment of Regional Ground-Water Quality 
This assessment c o n s i s t s of an eva lua t i on of the a v a i l a b l e 
ground-water q u a l i t y da ta for I l l i n o i s . Primary cons ide r a t i ons in the 
assessment a r e : 
1) what ground-water q u a l i t y da ta a re a v a i l a b l e s t a t e w i d e , 
2) how r e l i a b l e these data a r e , and 
3) what value t he se data may have in r e l a t i o n to hazardous 
subs tance a c t i v i t i e s . 
This assessment examines the p o t e n t i a l use of e x i s t i n g ground-
water q u a l i t y da ta as a bas i s for eva lua t i on of contamination asso-
c i a t e d with s p e c i f i c hazardous substance a c t i v i t i e s . The c h a r a c t e r i z a -
t i o n of ground-water q u a l i t y emphasizes r eg iona l cond i t ions and does 
not i d e n t i f y s p e c i f i c a c t i v i t i e s o r s i t e s t h a t may c o n t r i b u t e to 
ground-water contaminat ion . 
Task 3: Recommendations for a Statewide Hazardous 
Substance Ground-Water Monitoring Program 
The implied i n t e n t of P.A. 83-1268 is to a s sess the e f f ec t s t h a t 
hazardous substance a c t i v i t i e s have had on I l l i n o i s a q u i f e r s . Since 
much of the e x i s t i n g ground-water qua l i t y information is i n s u f f i c i e n t 
to descr ibe t he se e f f e c t s , development of a program to c o l l e c t the 
needed a d d i t i o n a l ground-water q u a l i t y data is a major goal . Ef for t s 
in t h i s a rea a r e focused on the i n t e g r a t i o n of information to formulate 
r a t i o n a l recommendations for a s t a t ewide hazardous substance ground-
water q u a l i t y monitoring program. Implementation of such a program 
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would provide information which would aid in the description of the 
s t a t e ' s ground-water quality as re la ted to hazardous substance 
a c t i v i t i e s . 
16 
GEOHYDROLOGY AND GROUND-WATER CONTAMINATION 
L. P. Le Seur 
Introduction 
An understanding of the mechanisms leading to ground-water con-
tamination by hazardous substances is necessary for the development of 
an effective and eff ic ient statewide ground-water quali ty monitoring 
program. The se lect ion of monitoring locations is f ac i l i t a t ed by 
evaluating the potent ia l hazard which contaminant sources pose to an 
aquifer or aquifers . Evaluating this hazard involves consideration of 
the hydrogeologic factors which make some aquifers more susceptible to 
contamination than others . 
Knowledge of basic ground-water flow and contaminant transport 
concepts is essent ia l to understanding the mechanisms leading to 
ground-water contamination. Therefore, background information related 
to ground-water occurrence and movement is reviewed, and a description 
of principal aquifers in I l l i n o i s is given. A summary of the mecha-
nisms involved in ground-water contamination is presented, including 
descriptions of contaminant sources, how aquifers become contaminated, 
and how contaminants migrate within aquifers . 
The consideration of hydrogeologic factors influencing contaminant 
migration in association with known locations of hazardous substance 
f a c i l i t i e s and major water withdrawals ensures that those areas most 
sens i t ive to ground-Water contamination are targeted in a monitoring 
program. 
Hydrologic Cycle 
Ground water is an integral part of the hydrologic cycle 
(Figure 6) . Most precipi ta t ion reaching the surface of the earth 
evaporates or runs overland into lakes and streams, while a smaller 
portion i n f i l t r a t e s the s o i l . The amount of water that i n f i l t r a t e s 
from a given storm is dependent upon the amount and intensi ty of pre-
c ip i ta t ion , the slope of the land surface, the permeability of the 
s o i l , the type and density of plant growth on the s o i l , and antecedent 
so i l moisture conditions. 
Water i n f i l t r a t i n g the soi l may evaporate, or be used by plants 
and transpired. The remainder migrates downward through pore spaces in 
so i l or rock, eventually reaching a zone where a l l pore spaces are 
saturated. The surface of th is zone of saturat ion is called the "water 
t ab le . " All water below the water table is considered ground water. 
The water table can be approximated by the elevation of water surfaces 
in wells which j u s t penetrate the saturated zone. 
Under natural conditions, the water table forms a surface which 
resembles the overlying land surface topography, only in a more subdued 
and smoother configuration. The water table generally will be at 
higher elevations beneath upland areas and at lower elevations in 
valley bottoms. The water table may in tersect the ground surface along 
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Figure 6. General ized hydrologic cycle 
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perenn ia l s t reams , s p r i n g s , and lakes which a re n a t u r a l a reas of 
ground-water d i scha rge . 
Ground water moves in a fash ion somewhat analogous to su r face 
water , only at much slower r a t e s . While su r face water moves downhill 
in response to g r a v i t y , ground water moves downgradient from areas of 
higher p o t e n t i a l energy to a reas of lower p o t e n t i a l energy. Ground 
water flows from recharge zones, where i n f i l t r a t i o n occurs , to d i s -
charge zones, where ground water d i scharges i n t o streams and l akes 
(Figure 6 ) . The d i r e c t i o n of ground-water movement can be es t imated 
from a map of the po ten t iome t r i c su r f ace , i . e . , a contour map of the 
e l e v a t i o n s of water l e v e l s in obse rva t ion w e l l s . Genera l ly , ground-
water flow w i l l be perpendicular to the contours of the po ten t iomet r i c 
s u r f a c e . 
The r a t e of ground-water movement is r e l a t e d to the permeabi l i ty 
of the aqu i fe r and the magnitude of the s lope of the po ten t iomet r i c 
s u r f a c e . In q u a n t i t a t i v e terms, "hydrau l i c conduc t iv i ty" i s used in 
p lace of pe rmeab i l i ty and is a funct ion of the s i z e and shape of pore 
space , the degree of in t e rconnec t ion of t he se spaces , and the type of 
f l u i d ( e . g . , water , o i l , o r b r ines ) pass ing through the medium. 
Figure 7 i l l u s t r a t e s d i f f e r en t pore con f igu ra t i ons . The geologic 
environment in which t h e water bear ing un i t was c rea ted ( e . g . , g l a c i a l , 
wind, water) and the processes t h a t subsequent ly modified i t ( e . g . , 
weather ing , compaction, or se ismic a c t i o n ) wi l l determine the cha rac te r 
of pore spaces . Table 1 shows the broad range of hydrau l ic conduct iv-
i t i e s for geologic m a t e r i a l s found in I l l i n o i s . 
P r i n c i p a l Aquifers i n I l l i n o i s 
An aqui fer is a geologic s t ra tum or body capable of y i e ld ing water 
in s u f f i c i e n t q u a n t i t i e s to be economically r e c o v e r a b l e . Whether or 
not the water y i e l d is considered economical depends on the amount 
r equ i r ed by the u s e r s . For example, an aqu i fe r supplying domestic 
Table 1. Estimated Hydraul ic Conduct ivi ty of 
Typical Geologic M a t e r i a l s , in f t / y e a r 
(Source: Berg et a l . , 1984) 
Dense l imes tone /dolomi te 1 0 - 5 to 1 0 - 8 
T i l l (>25% c l ay) 1 0 - 3 to 1 0 - 5 
T i l l (<25% clay) 1 0 - 2 to 10 - l1 
Loess 1 0 - 3 to 10 - 1 
Sandstone > 10 - 1 
Limestone > 10 - 1 
S i l t y sand 10 - 2 to 100 
Clean sand and gravel 100 
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Figure 7. Void space configurations of geologic materials 
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wells may not yield an adequate supply for municipal or indust r ia l 
wells . 
This study targets those aquifers designated as the "Principal 
Aquifers" in I l l i n o i s . These aquifers were identif ied by O'Hearn and 
Schock (1984) as those with a potential yield of at leas t 100,000 
gallons per day per square mile and an area of at leas t 50 square 
miles. The designation of principal aquifers does not mean that 
local ly s ignif icant water supplies do not exis t elsewhere in the s t a t e . 
However, in se t t ing p r i o r i t i e s , the s t a t e should consider the s i gn i f i -
cance of a par t icular aquifer in r e la t ion to the s t a t e as a whole. 
For the purposes of a regional assessment, these principal 
aquifers are grouped into three general types: sand and gravel, 
shallow bedrock, and deep bedrock (Figure 8 ) . Principal sand and 
gravel aquifers generally occur along ancient glacial and modern river 
channels. Dolomite and limestone geologic formations in northern 
I l l i n o i s comprise the principal shallow bedrock aquifers. Principal 
deep bedrock aquifers are primarily sandstones with some dolomites and 
limestones, but at a depth greater than 600 feet below the land 
surface. This depth cr i te r ion was chosen par t ly out of convenience 
because it r e s u l t s in a good division of the wells in the deeper 
Cambrian-Ordovician age formations from wells in the shallower 
Silurian/Devonian age formations in northern I l l i n o i s . However, in 
north-central and northwest I l l i n o i s , some wells finished in the upper 
part of the Ordovician aquifer do f a l l into the shallow bedrock 
category. Deep bedrock aquifers do not generally yield 100,000 
gpd/sq mi, but because they are so extensive they are included as 
principal aquifers . These aquifers are s i tuated in northern and west-
central I l l i n o i s . The southern border of the deep bedrock aquifer 
depicted on Figure 8 represents the extent of potable water. 
Sources of Contamination 
Most ground water contains natural ly occurring dissolved minerals. 
However, recent advances in analytical technology have allowed the 
detection of very small quanti t ies of dissolved chemical const i tuents , 
many of which may be potential ly harmful to human health. A chemical 
constituent found in water may or may not be considered a contaminant 
depending on the intended use of the water. 
A wide variety of human ac t i v i t i e s can lead to ground-water con-
tamination. Table 2 l i s t s a number of potential ground-water contami-
nation sources. Some of the sources l i s t e d in the table are c lass i f ied 
as hazardous substances. These are characterized as being igni table , 
acutely or chronically toxic , corrosive, or reac t ive . Throughout this 
report, the designation "hazardous substances" is meant to include 
hazardous materials that may be used in or result from primary and 
secondary industrial/agricultural processes. The definit ion includes, 
but is not l imited t o , hazardous wastes. 
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Figure 8 . P r i n c i p a l aqu i f e r s of I l l i n o i s 
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Table 2. Potential Sources of Ground-Water Contamination 
(Source: Wehrmann, 1984) 
Waste-Related Act ivi t ies 
Individual sewage systems (septic tank-leach f i e ld , cesspools, 
e tc . ) 
Municipal l andf i l l s 
Hazardous waste l andf i l l s 
Liquid waste and sludge disposal (rapid i n f i l t r a t i o n treatment, 
e tc . ) 
Treatment lagoons and ponds 
Tailings ponds and other mine-related a c t i v i t i e s 
Animal feedlots 
Deep well injection 
Chemical Application 
Fe r t i l i ze r s 
Pesticides 
Highway de-icing 
Waste water i r r iga t ion 
Chemical Storage 
Gas s ta t ions 
Salt pi les 
Natural gas storage 
Coal piles 
Industr ia l materials storage 
Transmission 
Pipelines 
Sewers 
Transportation accidents ( t r a in , truck, a i rplane, ship) 
Chemical loading and unloading areas 
Aquifer Cross-Connections 
Poorly abandoned wells 
Multi-aquifer development 
Intra-aquifer gradient changes ( i . e . , from well development) 
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Entry of Contaminants into Aquifers 
Contaminant releases are often referred to as originat ing from 
point or nonpoint sources. Point sources are those which may release 
contaminants from a limited geographic locat ion. Examples include 
leaking underground storage tanks, sep t ic systems, and inject ion wel ls . 
Nonpoint contamination s i tuat ions are more areal ly extensive and 
diffuse in nature. Correspondingly, it is d i f f icu l t to t race them back 
to the i r or igin. Agricultural a c t i v i t i e s ( i . e . , application of pes t i -
cides and f e r t i l i z e r s ) , urban runoff, and recharge are potential non-
point contaminant sources. 
Hazardous substance releases can occur by design, by accident, or 
by neglect . Most contamination incidents involve substances released 
at or only s l i gh t ly below the land surface. Consequently, it is 
shallow ground water which will be affected f i r s t by contaminant 
re leases . Therefore, shallow ground-water resources are generally con-
sidered more susceptible to contamination than deeper ground-water 
resources. 
The mechanism by which ground water becomes contaminated is 
similar in many cases. Material that has leaked, sp i l led , or been 
disposed may be carried downward through the unsaturated zone to the 
water table by precipi ta t ion and recharge (Figure 9) . Specifically, 
there are at leas t four ways by which chemicals can contaminate 
aquifers: i n f i l t r a t i o n , direct migration, interaquifer exchange, and 
recharge from surface water. 
I n f i l t r a t i o n 
Contaminants can i n f i l t r a t e the so i l and migrate through pore 
spaces of su r f i c i a l material into shallow aquifers. These processes 
can take place where hazardous substances are sp i l l ed , leaked, or 
improperly stored as well as where agr icu l tura l chemicals are applied 
to s o i l . Studies conducted in Iowa (Hallberg et al.,1984) indicate 
that i n f i l t r a t i on has been an important mechanism delivering agr icul -
tura l contaminants ( i . e . , n i t r a t e s and pest ic ides) into ground water. 
In portions of northeast Iowa, with high i n f i l t r a t i o n r a t e s , shallow 
(3-15 feet) limestone aquifers, and intensive row cropping of corn and 
soybeans, elevated n i t r a t e concentrations were reported in shallow 
( i . e . , <50 feet) wells . Six pes t ic ides , including alachlor, a t raz ine , 
and cyanazine, were also found to pers is t in ground water in areas 
where they are rout inely applied to the s o i l . Similar circumstances 
may exis t in I l l i n o i s ; however, no systematic investigations have been 
conducted in the s t a t e . 
In I l l i n o i s , the regions where aquifers can be affected most 
rapidly from i n f i l t r a t i o n are those with permeable bedrock or 
sand and gravel within 50 feet of the surface. Portions of north-
centra l , northwest, and extreme southern I l l i n o i s fa l l into th is 
category (Berg et a l . , 1984). 
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1. Leakage of unlined industrial impoundment through surficial 
materials contaminates a bedrock well 
2. Infiltration of agricultural chemicals contaminates a 
shallow sand and gravel well 
Figure 9. Schematic examples of ground-water contaminat ion 
Direct Migration 
Contaminants can migrate d i rect ly into ground water from below-
ground sources ( i . e . , storage tanks, pipelines) or surface impound-
ments. Storage or disposal s i t e l andf i l l s excavated near the water 
table also may permit direct contact of contaminants with ground water. 
Harris et a l . (1982) investigated an indus t r ia l waste disposal s i t e 
where an unlined disposal pi t was constructed below the water tab le . 
Ground water hydraulically downgradient from the p i t was contaminated 
as indicated by an increase of over 500% in t o t a l organic carbon (TOC) 
in comparison with upgradient wells. Direct entry to the ground-water 
system may also occur through old, improperly constructed, or abandoned 
wells as depicted in Figure 10. 
Interaquifer Exchange 
Contaminated ground water can mix with uncontaminated ground water 
through a process called interaquifer exchange. This may be induced by 
natural gradients or by pumping. Hundreds of wells in northern and 
western I l l i n o i s are open to many water-bearing un i t s , creating the 
potential for t h i s mixing process to occur. 
A case i l l u s t r a t i n g the mechanism of interaquifer exchange 
occurred in Mount Prospect (Cook County), I l l i n o i s , where the Mount 
Simon Aquifer underlies the Galesville sandstone of the Cambrian-
Ordovician Aquifer. The Mount Simon is known to contain water with 
higher chloride concentrations and a greater hydrostat ic pressure than 
the water in the Galesville aquifer. In an open bore hole, the Mount 
Simon aquifer recharges the Galesville sandstone with water of high 
chloride content. Consequently, a well in Mount Prospect that was open 
to both formations and was dormant for three years showed a dras t ic 
increase in chloride content as the more highly mineralized water 
recharged the Galesvil le aquifer (Fabbri, 1981). In th is case, the 
source of contamination was natural . However, the same mechanism has 
the potential to mix ground water contaminated by hazardous substance 
ac t iv i ty with good quali ty water. 
Recharge from Surface Water 
If the hydraulic gradient is such that surface water has a higher 
potential than ground water, contaminants in surface water can flow 
into the ground-water system. This gradient can exis t natural ly or be 
induced by pumping (Figure 11). Schwarzenbach et a l . (1983) reported 
contamination of a g lac ia l sand and gravel aquifer by organic compounds 
present in an adjacent r iver . The natural gradient was such that 
ground-water flow was from the r iver towards the aquifer. Their 
investigation determined that vola t i le organic compounds can be t rans-
ported from r ivers to ground water. 
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Figure 10. Vertical movement of contaminants along an 
old, abandoned, or improperly constructed well 
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Figure 11. Contaminated water induced to flow from 
surface water to ground water 
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Contaminant Migration 
In general, contaminants are transported in the direction of 
ground-water flow. Transport in th i s manner is called advection. 
Additionally, contaminants may spread out from the expected flow path. 
This occurs because of a mixing process known as dispersion. The 
tor tuos i ty of flow paths through the porous medium gives r i se to the 
phenomenon of dispersion (Figure 12a). 
Dispersion can occur on an even broader scale due to large-scale 
heterogeneities within the aquifer (Miller, 1980). For example, a clay 
lens within a sand and gravel aquifer will inhibi t ground-water flow 
and d i s to r t movement around it (Figure 12b). Ground-water flow will 
occur within the clay, but at a greatly reduced r a t e . 
As water soluble contaminants migrate hydraulically downgradient 
from thei r source and are acted on by advection and dispersion, their 
peak concentrations tend to decline progressively. This is due to 
d i lu t ion phenomena, re tardat ion, and transformation processes. 
Dilution occurs because of dispersive and molecular diffusion processes 
which cause the contaminant to spread out and mix with uncontaminated 
ground water. Retardation may occur through a variety of mechanisms 
including sorption and ion exchange. Transformation processes include 
phenomena such as biodegradation, vo la t i l i za t ion , and radioactive 
decay. 
When contaminants come in contact with surfaces of solids they may 
be adsorbed on the surface or absorbed into the sol id matrix. Sorptive 
phenomena serve as limited controls on the migration of organic com-
pounds (Pettyjohn and Hounslow, 1983). Eventually, a l l potential 
adsorption surfaces may be occupied, but re tardat ion of ionic ( i . e . , 
e l e c t r i c a l l y charged) contaminants may s t i l l take place through a 
process called ion exchange (Miller, 1980). Ion exchange occurs when 
ions in ground water displace ions associated with geologic mater ia ls . 
Because finer textured materials (clay in par t icular) have more surface 
area per unit volume, they are generally able to more effectively 
re tard chemical constituents than coarser textured materials such as 
r e l a t i ve ly clean sand and gravel. Deposits with high oxide coatings or 
organic content also often have high sorptive and ion exchange 
potent ia l . 
Some wastes may be degraded by bacteria under the proper condi-
t ions . The most degradable substances include those biologically pro-
duced, while synthet ic organics are generally not as eas i ly degradable 
(Pettyjohn and Hounslow, 1983). Radionuclides undergo a natural decay 
process whereby concentrations may be reduced. Another process that 
may reduce the concentration of organic contaminants is vo la t i l i za t ion . 
At the land surface or near-surface, vo la t i l i za t ion of some organic 
compounds can occur. 
Nearly half of I l l i n o i s public water supplies withdraw water from 
sand and gravel aquifers (Kirk et a l . , 1984). These aquifers are 
highly susceptible to contamination ( i . e . , more rapidly affected by i t ) 
because of their r e l a t ive ly high hydraulic conductivity, generally 
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Figure 12. Dispersion mechanisms 
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shallow occurrence, and low retardat ion a b i l i t y . Fractured rock 
aquifers , such as limestones and dolomites, contain even less surface 
area for ion exchange/sorption processes; therefore, very l i t t l e r e t a r -
dation is possible depending on the s ize of the f racture . 
Figures 13 and 14 i l l u s t r a t e the aquifers in I l l i n o i s that are 
highly susceptible to or can be rapidly impacted by contamination from 
disposal of municipal wastes. The thickness, permeability, and r e t a r -
dation a b i l i t y of geologic units within 50 feet of the surface of the 
earth were the c r i t e r i a used in t h i s suscep t ib i l i ty ra t ing scheme. 
Ground-water contaminant movement is r e l a t i ve ly slow and allows 
time for some response depending on the individual s i tuat ion if con-
tamination is discovered ear ly . Contaminant migration can be managed 
through control of ground-water movement via combinations of hydraulic 
gradient manipulation and physical ba r r i e r s . If contamination is not 
discovered early, contaminant migration can continue over large areas. 
Many tens of years may be required before natural processes can d i lu te , 
transform, or flush contaminants from the ground-water system. 
31 
Figure 13. Sand and gravel aqu i f e r s s u s c e p t i b l e 
to surface contaminat ion 
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Figure 14. Shallow bedrock aqu i f e r s s u s c e p t i b l e 
to sur face contamination 
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CURRENT HAZARDOUS MATERIALS ACTIVITIES IN ILLINOIS 
S. C. Schock, M. F. Washburn, and A. L. Zahn 
There a r e two primary o b j e c t i v e s of the r eg iona l assessment of 
hazardous s u b s t a n c e - r e l a t e d a c t i v i t i e s i n I l l i n o i s . The f i r s t ob jec -
t i v e is to determine, in gene ra l , which types of commercial a c t i v i t i e s 
may involve hazardous subs t ances . The second is to l o c a t e and c a t e -
gor ize as many c u r r e n t l y a c t i v e s i t e s which support these a c t i v i t i e s as 
p o s s i b l e . A hazardous s u b s t a n c e - r e l a t e d a c t i v i t y is defined as any 
a c t i v i t y which involves a hazardous ma te r i a l or produces a hazardous 
substance as a by-product or end-product . These a c t i v i t i e s inc lude 
genera tors ( i . e . , i n d u s t r i e s which e i t h e r use or produce hazardous 
substances in t h e i r p r o c e s s e s ) , t r e a t e r s , h a n d l e r s , and t r a n s p o r t e r s of 
hazardous subs tances or was tes , as well as waste d i sposa l s i t e s . 
I d e n t i f i c a t i o n of Data Sources 
The t a s k of ga ther ing a v a i l a b l e information on a c t i v i t i e s in 
I l l i n o i s from a v a r i e t y of sources involved l o c a t i n g and c a t e g o r i z i n g 
these s i t e s . Data compiled by s t a t e and fede ra l agencies and p r i v a t e 
o rgan i za t i ons and made a v a i l a b l e in machine readab le form were most 
use fu l . These data have undergone some v e r i f i c a t i o n by each r e p o r t i n g 
agency. Both time and cost precluded any o r i g i n a l , o n - s i t e data 
c o l l e c t i o n for t h i s assessment . The major sources of information used 
to assess hazardous substance a c t i v i t i e s i n I l l i n o i s were: 
1) I l l i n o i s Environmental P r o t e c t i o n Agency (IEPA), 
2) Nat ional Technical Information Service (NTIS), 
3) Dun and B r a d s t r e e t , I n c . , 
4) U.S. Environmental P r o t e c t i o n Agency (USEPA), and 
5) Chicago Metropol i tan S a n i t a r y D i s t r i c t (CMSD). 
The IEPA is a major source of data concerning hazardous wastes in 
I l l i n o i s . I t suppor ts a da ta base management system which con ta ins i t s 
Se lec ted Inventory F i l e . Cur ren t ly the f i l e conta ins d e t a i l e d i n f o r -
mation concerning f a c i l i t i e s which handle or produce hazardous wastes 
in the s t a t e . This information inc ludes the l o c a t i o n , s i z e , and type 
of a c t i v i t y supported a t each f a c i l i t y . 
The I l l i n o i s I n d u s t r i a l Waste Survey Data (IIWSD), ob ta ined from 
the IEPA for a previous s tudy , is a da ta s e t generated in approximately 
1980 by a con t r ac to r to the IEPA (IEPA, 1980). It conta ins e n t r i e s on 
i n d u s t r i e s which generated was tes , but not n e c e s s a r i l y hazardous 
was tes . This f i l e was used only to determine Standard I n d u s t r i a l 
C l a s s i f i c a t i o n s (SICs) for s i t e s i d e n t i f i e d from other sou rce s . Up to 
f i ve SICs were a s soc i a t ed with any s i t e in the IIWSD f i l e . The SIC is 
a 4 - d i g i t code i n i t i a l l y c rea t ed for use by the f ede ra l government for 
s t a t i s t i c a l a n a l y s i s of bus ines se s , and now used by the customers and 
s u p p l i e r s of those bus inesses for marketing r e sea r ch (Executive Office 
of the P r e s i d e n t , 1972). 
The NTIS is the source of the r e p o r t e r f i l e from the Federa l 
Resource Conservat ion and Recovery Act of 1976 (RCRA). This da ta s e t 
34 
conta ins l o c a t i o n and s i t e information for s i t e s i n I l l i n o i s . I t a l s o 
conta ins coding for the kind of a c t i v i t y on the s i t e ( i . e . , gene ra to r , 
t r ea tmen t , s t o r a g e , d i s p o s a l , underground i n j e c t i o n o r t r a n s p o r t e r ) 
a long with t h e type of wastes found at t he s i t e . 
The 1984 Duns Market I d e n t i f i e r , from Dun and B r a d s t r e e t , I n c . , 
r e p o r t s t h e l o c a t i o n , number of employees, and SIC for many s i t e s . 
These data a re c o l l e c t e d as par t of a c r e d i t r a t i n g s e r v i c e for indus-
t r i a l and commercial e s t ab l i shmen t s . 
The USEPA mainta ins a f i l e of the n o t i f i e r s for the Federal Com-
prehensive Environmental Response, Compensation, and L i a b i l i t y Act of 
1980 (CERCLA), more commonly known as "Superfund." This f i l e conta ins 
a l i s t of s i t e s in I l l i n o i s where hazardous subs tances a r e or have been 
s t o r e d , t r e a t e d , or d isposed. P resen t ly t h e r e a re 22 I l l i n o i s s i t e s on 
the Nat ional P r i o r i t y L is t (NPL), which is a l i s t of s i t e s t h a t have 
undergone a s p e c i f i c review process and have been shown to r e q u i r e 
remedial a c t i o n or complete removal. Eleven s i t e s have been funded for 
cleanup and 16 a d d i t i o n a l s i t e s a re being considered for the NPL. 
Data p e r t a i n i n g to I l l i n o i s from a 1980 assessment of sur face 
impoundments were obta ined from the USEPA. The information inc ludes 
l o c a t i o n s and waste volume data for f a c i l i t i e s considered by the USEPA 
to have p o t e n t i a l for ground-water contaminat ion. 
The Chicago Metropol i tan San i t a ry D i s t r i c t (CMSD) l i s t s f a c i l i t i e s 
from Cook County which use CMSD sewers for e f f l uen t d i scha rge . The 
l i s t con ta ins SICs and an a c t i v i t y type code. 
S p a t i a l Resolu t ion of Hazardous Substance A c t i v i t i e s Assessment 
The s p a t i a l r e s o l u t i o n of hazardous s u b s t a n c e - r e l a t e d a c t i v i t i e s 
in I l l i n o i s used in t h i s assessment is based on U.S. Posta l Serv ice z ip 
code d e s i g n a t i o n s , except where the data can support only coarse r e s o -
l u t i o n ( e . g . , county d e s i g n a t i o n s ) . Figure 15 shows the d i s c r e t e z ip 
code coverage of I l l i n o i s . There a re s eve ra l bene f i t s to using z ip 
codes for s p a t i a l a n a l y s i s of hazardous s u b s t a n c e - r e l a t e d a c t i v i t i e s a t 
t h i s l e v e l o f r e s o l u t i o n , inc lud ing: 
1) most i d e n t i f i a b l e hazardous s u b s t a n c e - r e l a t e d a c t i v i t i e s have 
the z ip code included in the l o c a t i o n information but few 
have more d e f i n i t i v e l o c a t i o n a l da t a , 
2) z i p code des igna t ions provide f i n e r s p a t i a l r e s o l u t i o n than 
county l e v e l analyses (1433 z i p codes vs . 102 c o u n t i e s ) , 
3) z i p code des igna t ions provide d i s c r e t i z e d i n c l u s i v e s t a t ewide 
coverage, and 
4) z i p code des igna t ions maintain approximately s i m i l a r popula-
t i o n s by varying the un i t s i z e of a r e a l coverage. 
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Figure 15. I l l i n o i s z ip code boundaries 
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The size of the area represented by individual zip codes varies so 
tha t , in general, a similar number of people are served by each zip 
code. Areas with high population densi t ies ( i . e . , urban areas) have 
proportionately more zip code designations than rural areas. This is 
an important a t t r i bu t e considering that more non-agricultural hazardous 
substance-related a c t i v i t i e s occur, and a greater percentage of the 
population is potent ia l ly at r i sk from contaminated public water 
supply, in urbanized areas than in non-urbanized areas. 
Areas which contain a greater number of f a c i l i t i e s may be expected 
to exhibit a greater potential r isk from hazardous waste-related 
a c t i v i t i e s . In order to normalize the data, numbers of f a c i l i t i e s per 
square mile per zip code were calculated and used to describe the 
statewide d is t r ibut ion of hazardous substance-related a c t i v i t i e s . 
Hazardous Substance Act ivi t ies Assessment Methodology 
Figure 16 is a generalized flow chart of the correlation and sub-
se t t ing process used to produce the l i s t of s i t e s from which t h i s 
assessment is made. In the compilation of the l i s t of hazardous 
substance-related a c t i v i t i e s , zip and SIC codes were the parameters 
used for sor t ing and l i s t i n g . These key elements f ac i l i t a t ed combina-
t ions , exclusions, and computerized spa t i a l analysis of the resu l t ing 
data. 
The determination of types of industr ies to be included in the 
assessment was based on the SIC code for each s i t e . However, there are 
some l imita t ions to using the SIC as the basis for determining the 
chemical compounds which might be associated with the industry. There 
is no definit ive study which correlates specif ic compounds or waste 
streams with SICs. There have been attempts to r e l a t e certain SICs to 
contaminants ( e .g . , Federal Register, 1978; USEPA, 1982; USEPA, 1984; 
Epstein, 1982). The SICs from these studies are included in the 
assessment. However, any attempt to use SICs in t h i s manner must be 
done with great caution. The purpose of the SIC system is to describe, 
in broad categorical terms, the general ac t iv i ty of an industry or 
service . SICs are not intended to denote, nor are they capable of 
denoting, a l l the substances used in and produced by any given commer-
cial enterpr ise . For example, a large fabricated metal manufacturing 
plant may have a paint shop which handles greater volumes of hazardous 
materials than a small automobile painting shop. However, the SIC for 
the manufacturing plant is in the 3400 group while the SIC of the paint 
shop is '7535. It is reasonable to use SICs as a guide to the locations 
of certain groups of industr ia l a c t i v i t i e s on a regional basis; 
however, it is not appropriate to assume that SICs can be used to 
determine the specif ic waste stream components emanating from any par-
t i cu la r point. 
For the purposes of th i s assessment, some l imitat ions were placed 
on the types of a c t i v i t i e s included. For example, there is an increas-
ing in te res t in the problems presented by exist ing underground storage 
tanks, especially gasoline and fuel tanks. These tanks may represent a 
s ignif icant potential contributor to ground-water contamination. 
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Figure 16. Information c o r r e l a t i o n and s u b s e t t i n g process for 
hazardous substance a c t i v i t i e s assessment 
38 
However, the large number of gasoline s ta t ions prohibited thei r consid-
erat ion in th i s study. Large fuel storage areas ( i . e . , tank farms and 
terminals) have been included. 
The select ion of SICs to be included in the assessment was based 
on a review of previous work that r e l a t e s SIC and hazardous waste-
re la ted a c t i v i t i e s , and on a review of the SICs appearing in the source 
data s e t s . RCRA not i f ie r s handle hazardous wastes, but th is f i l e does 
not contain SICs. Therefore, the RCRA f i l e provides a l ink between SIC 
and hazardous substance ac t iv i ty in our i n i t i a l l i s t of hazardous 
substance-related a c t i v i t i e s . The data for the RCRA s i t e s in I l l i n o i s 
were matched with other ent r ies for those s i t e s on our i n i t i a l l i s t 
which associates an SIC with each s i t e . A l i s t of these RCRA-
associated SICs was compiled in th i s fashion. 
All other s i t e s on the i n i t i a l l i s t which had one of the codes 
found on the RCRA l i s t were then flagged as "RCRA-like." Any SIC not 
associated with RCRA was reviewed to determine if it represented an 
industry l ike ly to involve hazardous substances. Most SICs which were 
not included in the "RCRA-like" l i s t were associated with ac t i v i t i e s 
such as real estate agencies, financial i n s t i t u t i ons , and r e t a i l 
establishments. However, some suspected hazardous substance-related 
a c t i v i t i e s were not included in the SICs associated with I l l i n o i s 
s i t e s . Some ac t i v i t i e s which are regulated by RCRA do not occur in 
I l l i n o i s , and therefore are not reported. Consequently, the SICs asso-
ciated with those a c t i v i t i e s may not appear in the table of RCRA asso-
ciated SICs. Examples of th i s s i tuat ion are the SICs 2810 ( indust r ia l 
inorganic chemicals), 2812 (alkal ies and chlorine) , and 2830 (drugs). 
These industr ia l a c t i v i t i e s should obviously be included in the assess-
ment. All SICs used to select a c t i v i t i e s to be included in the assess-
ment appear in Appendix A. The number of f a c i l i t i e s which were 
actually identif ied for inclusion in the assessment are l i s t ed next to 
the SICs. 
A computerized mapping procedure was used to present the regional 
d is t r ibut ion of various types of hazardous substance-related ac t i v i -
t i e s . A composite map showing the statewide d is t r ibut ion of a l l 
a c t i v i t i e s which may involve hazardous substances was presented in 
Figure 4. Various subsets of the composite assessment were developed 
to refine the analysis and show the dis t r ibut ion of individual cate-
gories of a c t i v i t i e s . For example, the map of mining f a c i l i t i e s , 
Figure 17, presents a l l the mining f a c i l i t i e s from the l i s t with SICs 
between 1000 and 1499, inclusive. Figure 18 shows disposal f a c i l i t i e s 
which have SICs in the range 4900 to 4999, except 4950 and 4952 which 
are sewage treatment f a c i l i t i e s . This range includes l andf i l l s and 
disposal s i t e s , waste pi les and barrel s i t e s ; but the majority of 
actual s i t e s on the l i s t in th i s range are l a n d f i l l s . Figure 19 shows 
manufacturing f a c i l i t i e s . This includes the SICs in Appendix A between 
2000 and 3999. Figure 20 is a further subset of manufacturing showing 
the f a c i l i t i e s which are involved in chemical-related manufacturing. 
These have SICs between 2800 and 2899. The breakdown of number of 
f a c i l i t i e s per square mile per zip code is different on Figures 4 
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Figure 17. Mining f a c i l i t i e s 
40 
Figure 18. Disposal f a c i l i t i e s 
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Figure 19. Manufacturing indus t ry f a c i l i t i e s 
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Figure 20. Chemical indus t ry f a c i l i t i e s 
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and 17 through 20 because these maps show great ly differing numbers of 
f a c i l i t i e s . If they a l l had the same ranges mapped, the maps would 
show very l i t t l e var iat ion. 
Conclusions Regarding Assessment of Hazardous Substance 
Act ivi t ies in I l l i n o i s 
Through t h i s statewide assessment of hazardous substance-related 
a c t i v i t i e s it has become apparent that there is a great need for 
further effor t . The compilation of the l i s t of s i t e s should be consid-
ered as the s t a r t of a dynamic data base for future use in research 
re la ted to hazardous wastes. Provision should be made for maintaining 
and enhancing th i s data base. The compiled information should be 
loaded into a re la t iona l data base management system. The sa l ien t data 
items can a l l be improved and supplemented through additional data 
collect ion and ver i f ica t ion. Data should be maintained, regularly 
updated, and supplemented in order to ref lec t the current level of 
hazardous substance-related a c t i v i t y . More information about s i t e s and 
management of hazardous substances on those s i t e s should be collected. 
The data from th i s assessment should be supplemented to make it more 
complete with respect to waste stream descr iptors , quant i t ies , and 
management pract ices . An enhanced l i s t will have applications well 
beyond the goals of the present study. Histor ical a c t i v i t i e s informa-
t ion is another aspect of the data which needs to be supplemented. 
This information is needed to determine potential impacts of a c t i v i t i e s 
which may have been contributing to ground-water contamination for long 
periods of time. 
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ILLINOIS REGIONAL GROUND-WATER QUALITY ASSESSMENT 
M. D. Broten and A. M. Johnson 
Background 
His tor ica l ly , most ground-water quality samples have been col-
lected to evaluate the condition of water with respect to i t s potabil-
i ty and associated treatment costs . Typically, analyses have been 
performed for the major mineral const i tuents . Major anions and cations 
( e .g . , hardness, su l fa te , chloride, sodium, potassium, phosphate, iron, 
and a lka l in i ty ) have been determined for many years (since about 1900 
in some areas) . With recognition of heal th-related problems from high 
n i t r a t es in drinking water during the l a t e 1940's and early 1950's, 
n i t r a t e also became a more commonly measured water quality parameter 
(Cornblath and Hartmann, 1948; Walton, 1951). 
Federal and s t a t e pollution control l eg i s la t ion in the 1960's and 
early 1970's i n i t i a t ed new programs to identify and evaluate suspected 
pollutants in water. The Federal Clean Water Act of 1972 and the 
Federal Safe Drinking Water Act (SDWA) of 1974 were enacted to focus on 
the previously unaddressed problem of water pol lut ion. As part of th i s 
l eg i s l a t ion , "maximum" and "recommended" contaminant levels were set 
for many substances with known adverse health effects (USEPA, 1975). 
These drinking water standards (Table 3) followed recommendations pre-
viously issued by the Public Health Service of the U.S. Department of 
Health, Education, and Welfare. 
In 1971, the IEPA began a public water supply (PWS) monitoring 
program to regulate the standards se t under the SDWA. Part of th i s 
effort involves col lect ing untreated ( i . e . , raw) water samples from 
public ground-water supply wells . On the average, samples are taken 
from each public supply system (but not each well) every 3 to 5 years. 
Compliance monitoring for drinking water standards under the SDWA forms 
the basis for much of the available ground-water quali ty data in 
I l l i n o i s . Many of the substances which have maximum contaminant levels 
(MCL's) are rout inely determined in t h i s monitoring ef for t . Also, the 
presence of alpha and beta radioact ivi ty is determined in certain areas 
because of the presence of radium in several aquifer systems in 
I l l i n o i s . 
Enforced maximum contaminant levels for I l l i n o i s drinking water 
are at least as s t r ingent as federal law requires . However, many 
potential contaminants are not included in monitoring efforts under the 
SDWA. For these contaminants, sampling has been conducted only when a 
problem is suspected. Most contaminants are odorless, color less , 
t a s t e less and generally undetectable without special equipment at the 
levels at which they may be present in most ground-water systems. This 
is especially t rue of many synthetic organic compounds. 
Recent advances in analyt ical chemistry and an increased awareness 
of hazardous substance-related a c t i v i t i e s have led to a greater focus 
on the presence of synthetic organic compounds in ground water. These 
compounds are commonly associated with industr ia l and agr icul tura l 
a c t i v i t i e s as well as waste disposal operations. Solvents, fuel 
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T a b l e 3 . D r i n k i n g Water S t a n d a r d s E s t a b l i s h e d b y F e d e r a l L e g i s l a t i o n 
Maximum 
c o n t a m i n a n t Recommended 
P a r a m e t e r name l e v e l (ppm) l e v e l (ppm) 
I n o r g a n i c s 
A r s e n i c 0 .05 
Barium 1.0 
Cadmium 0.01 
Chromium 0 .05 
Copper 5 .0 1.0 
Cyanide 0 .2 
F l u o r i d e 1 . 8 - 2 . 0 
Lead 0 .05 
Manganese 0 .15 0 . 0 5 
Mercury 0 .002 
N i t r a t e 10.0 
Se len ium 0.01 
S i l v e r 0 .05 
Zinc 5.0 5 .0 
C h l o r i d e 250 . 
S u l f a t e 2 5 0 . 
T o t a l d i s s o l v e d s o l i d s 500 . 
Organics 
A l d r i n 0.001 
Ch lo rdane 0 . 0 0 3 
DDT 0 . 0 5 
D i e l d r i n 0.001 
E n d r i n 0 .0002 
H e p t a c h l o r 0.0001 
H e p t a c h l o r Epoxide 0.0001 
Lindane 0 .004 
Methoxych lor 0.1 
Toxaphene 0 . 0 0 5 
2 , 4 - D i c h l o r o p h e n o x y -
a c e t i c a c i d 0.1 
2 , 4 , 5 - T r i c h l o r o p h e n o x y -
p r o p r i o n i c a c i d 
( 2 , 4 , 5 - T P o r S i l v e x ) 0.01 
46 
produc t s , p e s t i c i d e s , h e r b i c i d e s , f e r t i l i z e r s , and genera l manufactur-
ing by-products a r e some major p o t e n t i a l organic chemical contaminants . 
The r e a c t i o n s of ch lo r ine wi th n a t u r a l organic mat ter during water 
d i s i n f e c t i o n ope ra t ions a l so can r e s u l t in the product ion of s y n t h e t i c 
o rgan ic chemicals in f i n i s h e d dr ink ing water ( i . e . , t r i h a l o m e t h a n e s ) . 
Of the thousands of chemicals in e x i s t e n c e , d r ink ing water s t andards 
have been e s t a b l i s h e d for j u s t 28 parameters , only 12 of which a r e 
o rgan ic compounds (IPCB, 1979). Fu r the r , these 12 o rgan ic compounds 
(Table 3) have not been included in pub l i c water supply q u a l i t y moni-
t o r i n g e f f o r t s . 
I t i s necessary to examine the r e l a t i o n s h i p between a v a i l a b l e 
chemical da ta and the types of a c t i v i t i e s which may r e s u l t in high 
concen t ra t ions of s p e c i f i c parameters in water supply systems. Table 4 
is a summary of information from a r e c e n t l y publ ished federa l s tudy 
(OTA, 1984) which examines some of the i s sues involved in ground-water 
p r o t e c t i o n s t r a t e g i e s . 
Review of Avai lab le Ground-Water Qual i ty Data 
As par t of t h i s s tudy, a s ea rch was conducted to f ind a l l sources 
of p e r t i n e n t ground-water q u a l i t y d a t a . Emphasis was placed on da ta 
sources with broad s t a t ewide coverage. S i t e - s p e c i f i c s t u d i e s which 
could not r e a d i l y be incorpora ted wi th in the scope of a r eg iona l 
ground-water q u a l i t y assessment were not considered for i n c l u s i o n . 
Seven sources of da ta a r e : 
1) Ground-Water Qua l i t y Data Base (ISWS), 
2) data from county, r e g i o n a l and s t a t e h e a l t h agenc ies , 
3) sur face coal mine monitor ing da ta ( I l l i n o i s Department of 
Mines and Mine ra l s ) , 
4) Water Qual i ty Analysis Master F i l e (IEPA), 
5) Resource Conservat ion and Recovery Act data (IEPA), 
6) Emergency and Remedial Response Inventory System (ERRIS) 
data (IEPA), and 
7) o rgan ic compound da ta (IEPA). 
The ISWS main ta ins a ground-water q u a l i t y data base with a n a l y t i -
ca l r e s u l t s from i n d u s t r i a l , domest ic , and publ ic water supply systems 
da t ing back to the ea r ly 1900 ' s . Un t i l 1971, the de te rmina t ions in the 
da ta base were conducted by the ISWS for a v a r i e t y of purposes . Since 
1971, SDWA compliance moni tor ing conducted by the IEPA has accounted 
for the bulk of the da t a . Of a t o t a l of 40,759 samples in the da ta 
base, approximately 53% a r e from PWS wel l s and the remaining 47% are 
from p r i v a t e and domestic w e l l s . These data a re maintained in machine 
r eadab le form by the ISWS. 
Other sources of r eg iona l ground-water q u a l i t y da ta a re t h e 
I l l i n o i s Department of Publ ic Heal th and ind iv idua l county h e a l t h 
depar tments . Ground water has been sampled and analyzed by h e a l t h 
departments s i nce the e a r l y 1900 ' s . Most samples of t h i s type have 
been c o l l e c t e d to i n v e s t i g a t e p o s s i b l e b a c t e r i a l and n i t r a t e contami-
na t ion of domestic water w e l l s . There is no c e n t r a l r e p o s i t o r y for 
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Table 4. Re la t i onsh ip between Water Qua l i ty Parameters and 
Anthropogenic A c t i v i t i e s (Source: OTA, 1984) 
Parameter Ac t iv i ty or Process 
Metals and cations 
Aluminum Al loys , foundr i e s , p a i n t s , p r o t e c t i v e c o a t i n g s , 
e l e c t r i c a l i n d u s t r y , packaging, bu i ld ing and cons t ruc -
t i o n , machinery and equipment 
Ammonia F e r t i l i z e r s , chemical manufacturing, r e f r i g e r a n t s , 
s y n t h e t i c f i b e r s , f u e l s , d y e s t u f f s , s e p t i c and sewer 
systems 
Arsenic Al loys , d y e s t u f f s , medicine, s o l d e r s , e l e c t r o n i c 
dev ices , i n s e c t i c i d e s , r o d e n t i c i d e s , h e r b i c i d e s , 
p r e s e r v a t i v e s 
Barium Al loys , l u b r i c a n t s 
Cadmium Al loys , c o a t i n g s , b a t t e r i e s , e l e c t r i c a l equipment, 
f i r e p r o t e c t i o n sys tems, p a i n t s , fung ic ides , 
photography 
Chromium Al loys , p r o t e c t i v e c o a t i n g s , nuclear and high-
temperature r e sea r ch 
Copper Al loys , p a i n t s , e l e c t r i c a l wi r ing , machinery, con-
s t r u c t i o n m a t e r i a l s , e l e c t r o p l a t i n g , p ip ing , 
i n s e c t i c i d e s 
Lead Al loys , b a t t e r i e s , ga so l ine a d d i t i v e s , sheet metal and 
p ipe , p a i n t s , r a d i a t i o n s h i e l d i n g , mining 
Magnesium Al loys , b a t t e r i e s , py ro techn ic s , p r e c i s i o n i n s t r u -
ments, o p t i c a l mi r ro r s 
Manganese Al loys , pur i fy ing agents 
Mercury Al loys , e l e c t r i c a l appa ra tu s , ins t ruments , f ung i c ide s , 
mildew proof ing, paper , pharmaceut icals 
Nickel Al loys , ceramics , b a t t e r i e s , e l e c t r o p l a t i n g , c a t a l y s t s 
Selenium Al loys , e l e c t r o n i c s , ceramics , c a t a l y s t s 
S i l v e r Al loys , photography, chemical manufacturing, m i r r o r s , 
e l e c t r o n i c equipment, j ewe l ry , equipment, c a t a l y s t s , 
pharmaceuticals 
Sodium Chemical manufacturing, c a t a l y s t s , c o o l a n t s , non-g la re 
highway l i g h t i n g , s e p t i c and sewer systems, road s a l t 
Zinc Al loys , e l e c t r o p l a t i n g , e l e c t r o n i c s , automotive p a r t s , 
fung ic ides , roo f ing , cable wrappings, n u t r i e n t s , 
mining 
Nonmetals and anions 
Chlor ides Chemical manufactur ing, water p u r i f i c a t i o n , sh r ink -
proofing, flame r e t a r d a n t s , food process ing , road 
s a l t , s e p t i c and sewer systems, o i l f i e l d br ines 
Cyanides Polymer production (heavy duty t i r e s ) , c o a t i n g s , 
meta l lurgy , p e s t i c i d e s 
F luo r ides Toothpas tes , and o ther d e n t i f r i c e s , a d d i t i v e s to 
dr inking water 
N i t r a t e s F e r t i l i z e r s , food p r e s e r v a t i v e s , s e p t i c and sewer 
sys tems, l i v e s t o c k f eed lo t s 
Phosphates De te rgen t s , f e r t i l i z e r s , food a d d i t i v e s 
S u l f a t e s F e r t i l i z e r s , p e s t i c i d e s , s e p t i c and sewer sys tems, o i l 
f i e l d b r ines 
48 
these da t a . They are a c c e s s i b l e only at r eg iona l and county h e a l t h 
department o f f i c e s and e x i s t p r imar i ly on paper f i l e s . 
Federal l e g i s l a t i o n which e s t a b l i s h e d ground-water monitor ing in 
the v i c i n i t y of sur face coal mines was passed in 1977. The I l l i n o i s 
Department of Mines and Minerals (IDMM) oversees t h i s program. Most of 
the ground-water qua l i t y ana lyses include de te rmina t ions of major 
anions and ca t i ons ( i . e . , ha rdness , a l k a l i n i t y , s u l f a t e , calcium, 
magnesium, sodium, c h l o r i d e , i r on , and n i t r a t e ) . Data from t h i s moni-
t o r i n g program a r e maintained by ind iv idua l coal companies and t h e i r 
c o n s u l t a n t s . By law, the IDMM can gain access to these data on demand, 
but no c e n t r a l data r e p o s i t o r y e x i s t s . 
Water q u a l i t y data p r imar i ly from s i t e - s p e c i f i c ( e . g . , l a n d f i l l ) 
monitoring programs are maintained in machine readab le form by the 
I l l i n o i s Environmental P r o t e c t i o n Agency. These data date back to the 
e a r l y 1970 ' s . Most of the data a re from ground-water sampling in the 
immediate v i c i n i t y of municipal l a n d f i l l s . Beginning in 1984, data 
from RCRA and o ther hazardous substance enforcement programs were a l s o 
incorpora ted i n t o the data base. IEPA's Water Qual i ty Analys is Master 
F i l e con ta ins information from over 2000 monitor ing wel l s from 370 
s o l i d waste s i t e s . About 24,000 samples have been c o l l e c t e d and 
240,000 parameter de terminat ions made. This averages about 10 
parameters per sample. Total d i s so lved s o l i d s , i r o n , c h l o r i d e , boron, 
ammonia, chemical oxygen demand, s u l f a t e , pH, z i n c , l e a d , and manganese 
a re the most f r equen t ly r epor t ed parameters in t h i s data base. 
Data c o l l e c t i o n in response to RCRA requirements was i n i t i a t e d in 
1980. Very few of the da ta are in machine readab le form. The da ta a re 
in paper f i l e s at the IEPA headquar t e r s . Water q u a l i t y parameters 
determined in these e f f o r t s normally inc lude those subs tances with 
maximum contaminant l e v e l s (Table 3) plus c h l o r i d e , i r o n , sodium, 
s u l f a t e , phenols , pH, s p e c i f i c conductance, t o t a l organic carbon (TOC), 
and t o t a l o rgan ic halogen (T0X). Twelve of a t o t a l of 40 RCRA s i t e s 
a re p r e sen t l y in assessment monitor ing which r e q u i r e s t h a t determina-
t i o n s be made on a wider spectrum of contaminants . 
Another source of ground-water q u a l i t y da ta is the Emergency and 
Remedial Response Inventory System (ERRIS). As a pa r t of t h i s system, 
summary data for s i t e s involving p o t e n t i a l hazardous substance contami-
na t ion are kept in computer readab le form by the USEPA. Three phases 
of the ERRIS a r e : 
1) p re l iminary assessment , 
2) s i t e i n v e s t i g a t i o n , and 
3) r a t i n g of degree of hazard. 
Phase 2 usua l ly involves some amount of ground-water sampling. In 
I l l i n o i s , t h e r e a re approximately 900 ERRIS s i t e s . As of December 
1984, s i t e i n v e s t i g a t i o n s had been completed for about 100 of these 
l o c a t i o n s . The IEPA has the r e s p o n s i b i l i t y for implementing ERRIS 
a c t i v i t i e s in I l l i n o i s . Any ground-water q u a l i t y data c o l l e c t e d under 
t h i s program are maintained in paper f i l e s by the IEPA. 
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The IEPA also has a limited amount of data on organic compounds in 
public ground-water supply wells . In the early 1970's, several shallow 
public supply wells were sampled for the organic substances with MCL's 
(Table 3). It has been reported that organic compounds were not 
detected in these samples (D. Bennett, IEPA, personal conversation). 
In 1982 the IEPA sampled a l l public supply systems serving over 10,000 
people and analyzed them for the presence of vo la t i l e organic com-
pounds. Very few locations were reported to show detectable concen-
t ra t ions of organic compounds. 
To sa t i s fy the mandate of P.A. 83-1268 and conduct a study of the 
quality of I l l i n o i s ground water on a regional sca le , it was necessary 
to avoid examining data sources which may be biased by thei r s i t e -
speci f ic nature. Limited sources of s i te -or ien ted information are 
avai lable . However, emphasis has been placed on conducting a statewide 
assessment of ground-water quality on a regional sca le . 
The terms local and regional are r e l a t i v e , but for the purposes of 
th i s statewide assessment of ground-water quality, a region may be 
considered as an area encompassing several public water supply systems, 
or an area where one municipal i ty 's wells are located across many 
miles. In reviewing the available sources of chemical data, the 
regional versus local perspective was u t i l i zed to choose readi ly ava i l -
able data sui table for a statewide assessment. Useful data must have 
temporal and analyt ical consistency and not be the resu l t of isolated 
inves t igat ions . Another major consideration is that water sample 
support information should be ver i f iable with respect to aquifer source 
and locat ion. In addition, due to the time constraints of the project 
it was necessary that data be in a computer readable form because paper 
f i l e s could not be laboriously searched for information. 
Additionally, within the time constraints of th i s study, it was 
not possible to collect any new samples to " f i l l in gaps" in the avai l -
able data. However, a pi lot program to supplement the available 
organic compound data with newly collected samples is under way coop-
erat ively by the ISWS, the IEPA and the U.S. Geological Survey (USGS). 
The public water supply data maintained by the ISWS were chosen as 
the primary data for conducting the regional assessment. The private/ 
domestic ground-water quali ty data in t h i s data base are unsuitable for 
th i s purpose because they are not the r e su l t of a planned and system-
a t i c program of data col lec t ion. Also, sample support information 
( i . e . , source and location) could not be eas i ly verif ied. The IDPH and 
ERRIS data also are not readily accessible on computer. The data main-
tained by the IDMM and the IEPA RCRA and landf i l l data are very l imited 
in completeness and determinations of hazardous constituents and would 
be biased indicators of regional water quality conditions. However, 
the IEPA Water Quality Master F i le can be used to help identify poten-
t i a l pollution sources in areas where regional problems are detected. 
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Regional Ground-Water Quality Assessment 
A summary of the data processing and methodological procedures 
used in the ground-water quali ty assessment is presented in Figure 21. 
Data Selection and Validation 
Data from approximately 22,000 untreated ground-water samples were 
selected from the ISWS Ground-Water Quality Data Base. The content of 
the data f i l e s can be divided into support information (including legal 
location, date, lab number, number of parameter determinations, munici-
pal i ty number, well number, depth, and aquifer source) and actual 
analyt ical determinations of specif ic parameters. 
Ground-water quality data f i l e s and sample support information 
were separated by general aquifer categories. The general aquifer 
c lass i f ica t ion system is divided into: 1) sand and gravel within the 
glacial deposits above bedrock, 2) shallow bedrock, and 3) deep bed-
rock. The c r i t e r i a used in creating the d is t inc t ion between these 
systems were described in the "Geohydrology and Ground-Water Contami-
nation" section of th is report . Figures 22, 23, and 24 show the loca-
tions of public water supply wells in these three aquifer categories. 
A Public Water Supply Master Fi le maintained in machine readable 
form by the I l l i n o i s State Water Survey contains support information 
for most public water supply wells in the s t a t e . This f i l e was com-
pared to water quality support information f i l e s as a val id i ty check. 
Parameters included in t h i s validation process included well depth, 
location, aquifer source code, and municipality number. Approximately 
82% of the water quali ty support information d i rec t ly matched informa-
tion in the Public Water Supply Master F i l e . 
The analyt ical accuracy of the water quality data was checked by 
comparing ion balances for the major dissolved anions and cations in 
a water sample. This type of analysis is based on the principle of 
e lec t roneut ra l i ty . This principle s t a t e s that the number of posit ively 
charged consti tuents ( i . e . , cations) must equal the sum of the nega-
t ive ly charged constituents ( i . e . , anions) in a given water sample. In 
general, discrepancies less than 5% indicate consistent analyses of 
water samples for major dissolved const i tuents . The major cations 
( i . e . , potassium, calcium, magnesium, and sodium) were balanced against 
the major anions ( i . e . , chloride, su l fa te , and a lka l in i t y ) . Approxi-
mately 55% (11,786 samples) of the samples contained determinations on 
a l l of these parameters. Of th i s 55%, about 96% (11,289 samples) were 
determined to have an error less than 5%. 
Descriptive Stat is t ics 
The data used in t h i s study were collected between 1902 and 1983-
The majority of the samples (71%) were collected after 1970 by the 
IEPA. Figure 25 i l l u s t r a t e s the temporal d is t r ibut ion of public water 
supply ground-water quality data. Spatial d is t r ibut ion of the data 
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Figure 2 1 . Ground-water q u a l i t y assessment methodology flow char t 
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Figure 22. Publ ic water supply we l l s tapping sand and gravel aqu i f e r s 
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Figure 23. Publ ic water supply wel l s tapping shallow bedrock a q u i f e r s 
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F i g u r e 24 . P u b l i c w a t e r s u p p l y w e l l s t a p p i n g deep bedrock a q u i f e r s 
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F i g u r e 2 5 . Temporal d i s t r i b u t i o n o f p u b l i c w a t e r s u p p l y 
g r o u n d - w a t e r q u a l i t y d a t a 
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corresponds to the d i s t r i b u t i o n of publ ic water supply wel ls shown in 
Figures 22, 23, and 24. 
The da ta f i l e s t r u c t u r e allows for the i n c l u s i o n of a maximum of 
45 parameters for each sample. However, the a c t u a l number of param-
e t e r s determined for any given sample is u sua l ly much l e s s . Before 
1971, an average of about 14 parameters were determined for each 
sample. After IEPA sampling began in 1971, the number of parameters 
determined per sample increased to an average of about 27. Figures 26, 
27, and 28 i l l u s t r a t e the number of parameters determined and the 
parameters most f requen t ly r epo r t ed in the da t a . The 27 parameters 
l i s t e d below were chosen from the a v a i l a b l e da ta as being most useful 
for the purposes of t h i s assessment. 
A l k a l i n i t y Aluminum Ammonium 
Arsenic Barium Cadmium 
Chloride Chromium Copper 
Cyanide F luor ide Hardness 
Lead Lithium Manganese 
Mercury Nickel N i t r a t e - n i t r o g e n 
Phosphate Selenium S i lve r 
Sodium Strontium Su l fa t e 
Total d i sso lved Total o rgan ic Zinc 
s o l i d s carbon 
Figures 29 through 33 i l l u s t r a t e the frequency d i s t r i b u t i o n s 
( i . e . , h is tograms) and i n t e r a q u i f e r v a r i a t i o n for f i v e s e l ec t ed param-
e t e r s . Similar i l l u s t r a t i o n s for 16 a d d i t i o n a l parameters a re provided 
in Appendix B. Histograms a re not presented for cadmium, chromium, 
selenium, s i l v e r , aluminum, and l i t h i u m . Aluminum was excluded due to 
a lack of s u f f i c i e n t da ta , and the o the r s were excluded because the 
concen t ra t ions r epor ted in the data were too c lose to the a n a l y t i c a l 
d e t e c t i o n l i m i t s to be meaningful. 
Ana ly t i ca l procedures for determining the concent ra t ions of water 
q u a l i t y parameters have l i m i t s below which chemical c o n s t i t u e n t s cannot 
be r e l i a b l y d e t e c t e d . These a n a l y t i c a l d e t e c t i o n l i m i t s vary a g rea t 
deal depending on the procedures , personnel , and ins t rumenta t ion used 
for the a n a l y s i s . The year in which a sample was taken may a l s o be 
important because a n a l y t i c a l de t ec t i on l i m i t s have changed cons iderab ly 
in the l a s t f i f t e e n yea r s . For most parameters they have decreased by 
s eve ra l o rders of magnitude. P r io r to 1978, d e t e c t i o n l i m i t s were f r e -
quent ly en te red in t h e da ta base as a c t u a l concen t r a t i ons . Since 1978, 
d e t e c t i o n l i m i t s r epor t ed in place of a c t u a l concen t ra t ions are gener-
a l l y i nd i ca t ed as such in the data base . Frequency d i s t r i b u t i o n graphs 
i l l u s t r a t e t h a t , for some parameters ( i . e . , mercury, l ead , and 
cyanide) , r epor t ed de t ec t i on l i m i t s are more preva len t in the data than 
a re a c t u a l de t e rmina t ions . 
Skewness is a measure of the degree to which the d i s t r i b u t i o n 
dev i a t e s from symmetry. This is i l l u s t r a t e d very well by the graphs of 
n i t r a t e and barium (Figures 30 and 32) , which a re highly skewed towards 
very low c o n c e n t r a t i o n s . This impl ies t h a t much of the data for these 
parameters may be at or below the l i m i t s of d e t e c t i o n . On the o ther 
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Figure 26. Average number of parameters analyzed in 
publ ic water supply raw ground-water samples 
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Figure 27. Frequency d i s t r i b u t i o n showing number of parameters 
determined per sample for publ ic water supply raw ground-water samples 
(Source: O'Hearn and Schock, 1984) 
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Figure 28. Percent of samples for which s p e c i f i c parameters 
were determined in publ ic water supply raw ground-water samples 
(Source: O'Hearn and Schock, 1984) 
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F i g u r e 2 9 . F requency d i s t r i b u t i o n and i n t e r a q u i f e r compar ison o f 
t o t a l d i s s o l v e d s o l i d s d a t a 
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Figure 30. Frequency d i s t r i b u t i o n and i n t e r a q u i f e r comparison 
of n i t r a t e data 
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Figure 31. Frequency dis t r ibut ion and interaquifer comparison 
of chloride data 
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Figure 32. Frequency dis t r ibut ion and interaquifer comparison 
of barium data 
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Figure 33. Frequency dis t r ibut ion and interaquifer comparison 
of to ta l organic carbon data 
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hand, the t o t a l dissolved solids concentrations are more normally d i s -
t r ibuted. Since ground water always contains dissolved mineral con-
s t i t u e n t s , the dissolved sol ids concentrations are usually well above 
analytical detection l i m i t s . Generally, chemicals which have a low 
level of occurrence in a given aquifer environment will have frequency 
dis t r ibut ions which are highly skewed towards a non-detectable concen-
t r a t i on . 
Actual points on the l ine graphs are indicated with a different 
symbol for each aquifer type. Each symbol represents the midpoint of a 
range of concentrations. The number of samples having a value for the 
given parameter in that range can be read from the y-axis (vert ical 
ax i s ) . Ninety-five percent of the data for each aquifer is graphed. 
The highest 5% was not graphed because in most cases it would have 
resulted in a curve with an extremely long t a i l . 
The "number of samples" column labelled on the f igures l i s t s the 
to ta l number of determinations for a given parameter for each aquifer 
type. The histogram depicts 95% of that t o t a l . The bars above the 
l ine graphs indicate a typical range for 75% of the data within each 
aquifer type for that parameter. Total dissolved so l id s , a lka l in i ty , 
hardness, and t o t a l organic carbon do not have sample d is t r ibut ions 
skewed towards the i r respective detection l imi t s . This is because 
ground water normally contains measurable levels of these parameters. 
For these parameters, the bars depict the central 75% of the data, 
ranging from the 12.5 to the 87.5 percent i le . All other concentration 
dis t r ibut ions i l l u s t r a t e d tend to be skewed towards a non-detectable 
concentration. For these parameters, the bars represent the lowest 75% 
of the data, ranging from the 0 to the 75th percent i le . The median 
concentration is the same as the 50th percent i le . This is the point at 
which half the values are higher and half are lower than indicated. 
For several parameters with detection l imits reported in the place of 
actual data, more than a quarter of the data have the same value. For 
example, over 80% of the determinations for cyanide, in a l l three 
aquifers, l i s t a concentration of 0.005 ppm (Figure B-5, Appendix B). 
This represents a detection l imit and not an actual concentration. 
For those parameters having a maximum contaminant level (MCL), 
th is concentration is also indicated on the graph. Mercury is the only 
parameter for which the majority of the data l i e s above the MCL. This 
r e su l t s from the MCL having been se t lower than the prac t ica l analy t i -
cal detection l imi t for that parameter (Figure B-10, Appendix B). A 
large percentage of the manganese concentrations in sand and gravel 
also l i e above the MCL. 
Total organic carbon is a generic indicator of t o t a l organic com-
pounds in ground water. As shown in Figure 33, there are very few data 
for t h i s parameter and almost a l l those that are avai lable represent 
the shallow bedrock aquifer system. The available data are mostly from 
a special study done in DuPage County using public water supply wells 
(Sasman et a l . , 1981). As indicated by the histogram, these to t a l 
organic carbon data exhibit a median value of about 1.5 ppm. It should 
be noted, however, that these T0C data include only the non-volatile 
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fraction of the t o t a l organic compounds in the samples. Volatile 
organics are among the most frequent indicators of ground-water con-
tamination. 
Mapping of Elevated Concentrations 
To examine the spa t i a l variations of the ground-water quality 
data, a process of sor t ing data with concentrations above a 
s t a t i s t i ca l ly -de r ived threshold and mapping the locations of the data 
points was undertaken. Since the major in te res t is in determinations 
which indicate r e l a t i ve ly high or elevated concentrations, it was 
necessary to choose c r i t e r i a to define the meaning of an elevated con-
centrat ion. The most meaningful method for doing t h i s involved the use 
of the previously determined frequency dis t r ibut ion s t a t i s t i c s . 
I n i t i a l l y , the 90th percent i le (90% of the data are below th i s level) 
was used as the cutoff level for parameters with a maximum contaminant 
leve l , and the 95th percent i le was chosen for parameters with only a 
recommended l imi t , or no standard. 
For the purposes of t h i s study, data above a given cutoff level 
are defined as elevated concentrations. The term "elevated concentra-
t ion , " however, does not imply contamination. "Elevated" is a r e l a t i ve 
term. Elevated concentrations may be considered as high r e l a t i ve to 
the available public water supply data. This does not, in any way, 
imply a health r i sk . 
Since cutoff levels are based on the frequency d is t r ibu t ion of the 
data for each aquifer system, a given parameter may have a different 
cutoff level according to the aquifer system from which the sample 
came. Cutoff levels and drinking water standards for each of the 27 
parameters are given in Table 5. It also should be noted that some of 
the chosen cutoff levels are lower than the maximum contaminant l eve l s . 
Examination of frequency dis t r ibut ions for arsenic , cyanide, 
cadmium, chromium, copper, lead, manganese, nickel, s i l ve r , l i thium, 
and selenium concentrations revealed that the cutoff levels may be 
below past analyt ical detection l imi t s . For these parameters, the 
cutoff levels were reexamined and al tered so that they would f a l l above 
the highest suspected detection l imi t . 
High concentration values for a l l 27 parameters were scanned for 
extreme values that would indicate data coding e r ro rs . These values 
were flagged so that they would not be mapped as high values. 
Data from 1970 on were used for mapping of elevated concentrations 
so the maps would be more representative of current ground-water 
quality conditions. This c r i t e r ion is also j u s t i f i ed because different 
analyt ical methods with higher detection l imi ts were more commonly in 
use before 1970 and approximately 75% of the data have been gathered 
since 1970. 
I n i t i a l l y , post-1969 elevated concentration data were mapped as 
point locations by aquifer. Examination of the resu l t ing maps revealed 
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Table 5. Cutoff Levels for Mapping Elevated Concent ra t ions of 
Ground-Water Qua l i ty Parameters 
[Concent ra t ions expressed as p a r t s per m i l l i o n (ppra)] 
Cutoff Levels by Aquifer System Drinking 
Chemical Sand and Shallow Deep water 
parameter g rave l bedrock bedrock s tandards 
A l k a l i n i t y 508. 492. 420. 
Aluminum 12.66 12.66 12.66 
Ammonium 10.73 3.7 2.1 
Arsenic .039 .01 .01 .05 
Barium .4 .3 1.2 1.0 
Cadmium .01 .01 .01 .01 
Chloride 90. 190. 560. 250.* 
Chromium .05 .05 .05 .05 
Copper .05 .05 .05 5.0 
Cyanide .01 .01 .01 .2 
F luor ide 1.8 1.8 2.4 1.8 - 2.0** 
Hardness 590. 810. 530. 
Lead .05 .05 .05 .05 
Lithium .03 .12 .34 
Manganese .554 .17 .08 .15 
Mercury .2 .2 .2 .002 
Nickel .1 .1 .1 
N i t r a t e - n i t r o g e n 19.0 8.6 3.9 10.0 
Phosphate 2.53 1.54 .99 
Selenium .01 .01 .01 .01 
S i lve r .05 .05 .05 .05 
Sodium 139. 285. 541. 
Strontium 1.97 2.81 8.45 
Su l fa te 305. 505. 645. 250.* 
Tot. Dis . So l ids 903. 1353. 1904. 500.* 
Tot . Org. Carbon 3.6 3.6 3.6 
Zinc .14 .20 .10 5.0 
* Recommended l e v e l 
** Dependent on geographic l o c a t i o n 
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that high concentrations are spa t i a l ly biased by the d is t r ibut ion of 
sampling points . Within areas of high density sampling (Figures 22, 
23, and 24), there is a tendency to find a higher density of elevated 
concentrations. To normalize the sample density effects , the percent-
age of samples with high concentrations were mapped by township. 
F i r s t , townships reporting at l eas t six samples were identif ied and 
outlined on the maps. Then these townships were shaded according to 
the percentage of samples with concentrations above cutoff levels for 
each parameter and aquifer system. Again, only townships with at leas t 
six samples are outlined on the maps. The implication of th is approach 
is that nothing of the ground-water quality in the "blank" areas of the 
maps can re l i ab ly be inferred from the analyses performed. The blank 
areas do not indicate that no elevated concentrations ex i s t . They 
simply represent areas with insufficient data. 
For each parameter with sufficient data, maps were plotted showing 
the d is t r ibut ion of elevated concentrations. Upon examination, it was 
found that the spa t i a l d is t r ibut ions of elevated concentrations for 
many parameters were v i r tua l ly the same. For example, in the deep 
bedrock system, elevated chloride, sodium, f luoride, hardness, su l fa te , 
and TDS concentrations showed an almost ident ical spa t ia l pattern. This 
is to be expected since these constituents (with the exception of 
fluoride) make up a large part of the t o t a l dissolved sol ids consti tu-
ents . Therefore, only the most representative dis t r ibut ions for these 
constituents are presented in th is report . Elevated concentration maps 
that do not show cluster ing, or those which suggest clustering that 
could not readi ly be explained, are not included in th i s report . 
Areas with a large percentage of elevated concentrations appear 
darker than those with a lower percentage. While some of these maps 
may indicate natural variations in water quali ty due to the geology of 
the area, other elevated concentrations may be more re la ted to anthro-
pogenic a c t i v i t i e s . This poss ib i l i ty warrants further invest igat ion. 
Elevated TDS concentrations in sand and gravel aquifers (Figure 34) 
indicate some amount of clustering in the northern part of eastern 
I l l i n o i s . This area coincides with the northern l imit of Pennsylvanian 
age bedrock. Elevated TDS levels in t h i s area may be the resu l t of 
regional discharge of water from the Pennsylvanian bedrock. High TDS 
concentrations in urban areas may be the r e su l t of anthropogenic 
a c t i v i t i e s . For the sand and gravel aquifers , hardness, sodium, and 
sulfa te concentrations tend to show clusterings of high values in the 
same areas as TDS. 
The map of elevated n i t r a t e concentrations in sand and gravel 
aquifers (Figure 35) i l l u s t r a t e s a possible re la t ionship between 
elevated n i t r a t e concentrations in ground water and major r iver 
systems. High n i t r a t e levels along the Rock, I l l i n o i s , Mississippi, 
and Wabash Rivers may be the resu l t of polluted surface water being 
drawn into a l luvia l sand and gravel aquifers by municipal pumpage 
and/or may be re la ted to ei ther intensive agr icul tura l practices or 
sep t ic f ie lds in these highly susceptible aquifers . 
69 
Figure 34. D i s t r i b u t i o n of e leva ted TDS concen t r a t ions in 
sand and gravel aqu i f e r s 
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Figure 35. D i s t r i b u t i o n of e leva ted n i t r a t e concen t ra t ions in 
sand and gravel aqu i fe r s 
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Elevated TDS concentrations in shallow bedrock formations in 
southern I l l i n o i s and the Peoria area (Figure 36) are the resu l t of 
natural geologic conditions. The Pennsylvanian age shallow bedrock in 
these areas contains high amounts of soluble sul fa te , chloride, and 
sodium. On the other hand, high TDS concentrations in northeast 
I l l i n o i s may be more re la ted to urban sources of contamination (Sasman 
et a l . , 1981). Alkalinity, chloride, hardness, sodium, and sulfa te 
exhibit a similar spa t ia l d is t r ibut ion in the shallow bedrock. 
Elevated chloride concentrations in the shallow bedrock are pre-
sented in Figure 37. The darkened areas may also be explained by the 
Pennsylvanian bedrock in those areas. Elevated chloride in the Chicago 
area has been reported to be the l ike ly resu l t of highway de-icing 
s a l t s (Sasman et a l . , 1981). High sodium concentrations in the shallow 
bedrock also have a spat ia l d is t r ibut ion similar to that of chloride. 
The map of elevated TDS concentrations in deep bedrock formations 
(Figure 38) indicates a cluster ing of high concentrations in western 
I l l i n o i s . The high level of mineralization in that area is readily 
explained by the natural ly occurring hydrogeologic conditions. This 
area d i rec t ly coincides with the occurrence of a r e l a t ive ly thick layer 
of Pennsylvanian age bedrock which overl ies the deeper and older 
Cambrian-Ordovician formations. The more highly mineralized water in 
the Pennsylvanian formations may move downward into the Cambrian-
Ordovician aquifers due to natural or induced hydraulic conditions. 
Several deep wells in the area are known to be open to the Pennsyl-
vanian formations. Other parameters with similar spa t ia l d is t r ibut ions 
of high values in the deep bedrock include a lka l in i ty , chloride, 
f luor ide , hardness, sodium, and su l f a t e . 
Elevated concentrations of barium in the deep bedrock are shown in 
Figure 39. The area of high barium around northern Kane, southern 
McHenry, and northwestern Cook counties was previously outlined in a 
study which investigated natural ly occurring radium and barium in 
I l l i n o i s ground water (Gilkeson et a l . , 1983). 
Presently, TOC data have been collected in suff icient quantity for 
only a small portion of the s t a t e , in the DuPage County area. These 
data represent only the shallow bedrock in that area (Figure 40). It 
is possible that elevated levels of TOC may indicate contamination from 
hazardous substances, yet a more detai led breakdown of specif ic organic 
compounds would be needed to verify th i s hypothesis. The ongoing data 
col lect ion efforts of the ISWS, IEPA, and USGS should further enhance 
the currently l imited information about organic compounds in I l l i n o i s 
ground water. 
Conclusions Regarding the Statewide Ground-Water Quality Assessment 
This assessment establishes a baseline of currently available 
knowledge concerning the general quali ty of I l l i n o i s ground water on a 
regional scale . Also, a method for analyzing and in terpret ing regional 
ground-water quali ty data has been developed and presented. The 
analyses performed, and the resu l t s provided, i l l u s t r a t e the l imits of 
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Figure 36. D i s t r i b u t i o n of e leva ted TDS concen t ra t ions in 
shallow bedrock a q u i f e r s 
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Figure 37. D i s t r i b u t i o n of e leva ted ch lo r ide concen t ra t ions in 
shallow bedrock a q u i f e r s 
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Figure 38. D i s t r i b u t i o n of e leva ted TDS concen t ra t ions in 
deep bedrock aqu i f e r s 
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Figure 39. D i s t r i b u t i o n of e leva ted barium concen t ra t ions in 
deep bedrock aqu i f e r s 
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Figure 40. D i s t r i b u t i o n of e leva ted TOC concent ra t ions in 
shallow bedrock a q u i f e r s 
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assessing current statewide ground-water quality conditions using 
existing data. 
Organic chemical compound and re l i ab le trace metal determinations 
have only recently been included in systematic regional ground-water 
monitoring programs. The type of data which is most c r i t i c a l to an 
evaluation of ground-water contamination from hazardous substances is 
j u s t now becoming avai lable . At the local or s i t e - spec i f i c level , some 
data on chemical consti tuents have been collected in the v ic in i ty of 
hazardous waste disposal a c t i v i t i e s . However, very few data have been 
collected in areas where hazardous substances are generated, stored, or 
handled. 
Maps depicting available public water supply ground-water quality 
data indicate areas of the s t a t e which exhibit elevated concentrations 
of specific chemical const i tuents . However, the available public water 
supply data include very limited information on organic compounds. Most 
of the areas with elevated concentrations may be explained by natural 
hydrogeologic conditions. Conversely, elevated levels of mineraliza-
t ion in the shallow bedrock and sand and gravel aquifers around metro-
politan areas may be more re la ted to the density of anthropogenic 
a c t i v i t i e s than hydrogeologic conditions in those areas. 
In the Chicago area, elevated TDS concentrations in the shallow 
aquifer systems are the resu l t of high hardness, su l fa te , and chloride 
l eve l s . Sources of th i s mineralization may include application of road 
sa l t to highways, indust r ia l a c t i v i t i e s , i n f i l t r a t i o n of polluted 
surface water into susceptible aquifer systems, sept ic f i e l d s , leaking 
of sewer l i nes , l a n d f i l l s , changes in ground-water flow systems from 
heavy municipal and industr ia l pumpage, land disturbance from construc-
t ion a c t i v i t i e s , mining, and changes in the quality of precipi ta t ion 
recharge. Additional studies are necessary to examine potential r e la -
tionships between anthropogenic a c t i v i t i e s and ground-water mineral-
iza t ion. 
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RECOMMENDATIONS FOR A STATEWIDE HAZARDOUS SUBSTANCE GROUND-WATER 
MONITORING (HSGWM) PLAN 
H. A. Wehrmann and L. P. Le Seur 
Need for a Hazardous Substance Ground-Water Monitoring Program 
Ground-water contamination by hazardous m a t e r i a l s is a p o t e n t i a l 
danger to pub l i c and environmental h e a l t h . Since the da ta for many-
hazardous subs tances in ground water a re not a v a i l a b l e , i t i s e s s e n t i a l 
to e s t a b l i s h a s t a t ewide moni tor ing program for hazardous substances in 
ground water . The fo l lowing a r e suppor t ing reasons for the i n i t i a t i o n 
of such a program. 
1) I l l i n o i s w i l l cont inue to be dependent on ground water to 
fu rn i sh s u p p l i e s for domestic, as wel l as i n d u s t r i a l / 
a g r i c u l t u r a l / c o m m e r c i a l , u se s . 
2) Large q u a n t i t i e s of hazardous substances a re genera ted , t r a n s -
por ted , and disposed of wi th in the s t a t e . 
3) There a re s e r i o u s u n c e r t a i n t i e s involved in r e l y i n g on inad-
ve r t en t d e t e c t i o n of water q u a l i t y problems s ince the presence 
of most contaminants is not r e a d i l y observable and, once a 
dr inking water source is contaminated, a l t e r n a t i v e sources of 
water can be p r o h i b i t i v e l y expensive . 
4) The l e v e l of funds and e x p e r t i s e r equ i r ed for sample c o l l e c -
t i on and a n a l y s i s a re not usua l ly a v a i l a b l e a t a l o c a l l e v e l 
of government. 
5) S i t e - s p e c i f i c moni tor ing of known p o t e n t i a l s i t e s is inade-
quate for a s s e s s i n g s t a t ewide or r eg iona l e f f e c t s . 
6) There is a s e r i o u s lack of data concerning many hazardous 
subs t ances , p a r t i c u l a r l y s y n t h e t i c organic compounds, in 
I l l i n o i s ground wate r . 
7) There c u r r e n t l y is no comprehensive program to c o l l e c t the 
da ta necessary to i d e n t i f y r eg iona l hazardous subs tance-
r e l a t e d ground-water q u a l i t y problems. 
8) The eva lua t i on of the performance of fu tu re ground-water 
q u a l i t y p r o t e c t i o n programs in I l l i n o i s r e l a t e d to contamina-
t i on by hazardous substances w i l l r e q u i r e t h a t base l ine i n fo r -
mation on such subs tances in I l l i n o i s ground water be 
c o l l e c t e d . 
Several problems can be c i t e d with the cur ren t RCRA r e g u l a t i o n s in 
r ega rd to the moni tor ing of the e f f e c t s of hazardous substance a c t i v i -
t i e s on ground-water q u a l i t y . F i r s t , s eve r a l ca tegor ie s of hazardous 
wastes a re exempt from t h e n o t i f i c a t i o n procedures o u t l i n e d wi th in the 
" c r a d l e to grave" manifest system. Among those exempted a r e : wastes 
produced by small genera to rs (genera tors producing l e s s than 100 k i l o -
grams per month); d r i l l i n g f l u i d s , waters produced from o i l product ion 
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or mineral extract ion, and other wastes associated with the explora-
t ion , development, or production of crude o i l , natural gas or geo-
thermal energy; solid waste from extract ion, beneficiation and 
processing of ores and minerals, including coal; and household wastes 
or mater ia ls . 
Second, RCRA covers only those industr ies or businesses which 
generate, handle, or dispose of hazardous materials that are considered 
"wastes." Processes which involve the u t i l i z a t i on of hazardous sub-
stances that are not wastes do not f a l l under RCRA regulat ion. For 
example, service s ta t ions handle s ignif icant quanti t ies of gasoline, a 
hazardous substance by a l l def ini t ions . These s ta t ions are not regu-
lated under RCRA because gasoline is a useful product, not a "waste." 
Numerous other commercial a c t i v i t i e s s imilar ly are not regulated under 
RCRA: dry cleaners use tr ichloroethylene (TCE), an organic solvent; 
pr in ters use a variety of dyes; and ra i l road switching yards, truck 
terminals, and a i rpor ts may serve as points of transfer for a variety 
of hazardous mater ials . 
Third, and possibly most importantly, on-s i te management of 
hazardous wastes using unaudited, discretionary means escapes regula-
tory control al together . As previously cited (Grigalauski, 1981), 
on-s i te management may have accounted for anywhere from 26 to 80% of 
the hazardous wastes produced in I l l i n o i s in 1980. 
Lastly, a c t i v i t i e s which took place before enforcement of RCRA or 
the I l l i n o i s Environmental Protection Act are not covered under those 
regulat ions . A recent analysis of hazardous waste generation and 
disposal ac t iv i ty in Ogle and Winnebago Counties demonstrated "that the 
bulk of hazardous waste generation in I l l i n o i s occurred prior to the 
establishment of regulatory controls" (Gibb et a l . , 1984). Therefore, 
monitoring at known, potent ial ly contaminating s i t e s cannot be expected 
to warn of problems associated with unregulated hazardous substance 
a c t i v i t i e s , presently operated but unknown disposal s i t e s , or s i t e s 
long since abandoned and forgotten. 
Ground-water investigations recently conducted in Winnebago County 
i l l u s t r a t e some of the problems involved with re l iance on mandated 
s i t e - spec i f i c monitoring. Winnebago County has a large urban/ 
indust r ia l economy and an abundance of eas i ly obtained ground water. 
However, the geologic conditions which enhance the ava i l ab i l i ty of 
ground water also cause the ground water to be more susceptible to 
contamination. Sampling of several wells in Rockford in 1972 revealed 
the presence of contaminants suspected to have originated from an old 
municipal l a n d f i l l . Abandonment of a public water supply well and 
several private res iden t ia l wells soon followed. 
Once aler ted to the potential for other similar problems in the 
county, local of f ic ia ls enl is ted the aid of the I l l i n o i s State 
Geological Survey (ISGS) to look more closely at the geology of the 
county with respect to several land use pract ices , including waste 
disposal and land treatment (Berg et a l . , 1981). This study, along 
with an increasing awareness by the Winnebago County Health Department 
of the vulnerabi l i ty of the ground-water resources, provided the 
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impetus for another county-funded s tudy (by the ISWS) to examine the 
contamination p o t e n t i a l presented by the widespread use of s e p t i c 
systems on very permeable s o i l s (Wehrmann, 1983). Almost by a c c i d e n t , 
an i n v e s t i g a t i o n of s e v e r a l r e s i d e n t i a l subd iv i s ions us ing s e p t i c 
systems in nor thern Winnebago County r evea led a more f a r - r e a c h i n g 
problem, the contaminat ion of nea r ly 100 domestic we l l s by TCE 
(Wehrmann, 1984). A nearby indus t ry which uses the so lven t in i t s 
manufacturing process was found to be the contaminant source . 
I nc iden t s of contamination by organic chemicals in Winnebago 
County alone have r e s u l t e d in the c losu re of over 200 domestic w e l l s , 6 
municipal w e l l s , and s e v e r a l i n d u s t r i a l wel ls s ince 1972. Contamina-
t i o n was not de t ec t ed from the sampling of monitor ing we l l s in any of 
these ins t ances because no such wel ls had been i n s t a l l e d . Each con-
taminat ion inc iden t was discovered i n a d v e r t e n t l y in water supply we l l s 
and did not r e s u l t from the implementation of an o n - s i t e monitor ing 
network to provide an " e a r l y warning" of ground-water contaminat ion. 
The i n c i d e n t s can a l l be r e l a t e d to s i t e s t h a t were in ex i s t ence p r io r 
to monitoring l e g i s l a t i o n or s i t e s t h a t were not r e q u i r e d to comply, or 
did not comply, with the moni tor ing requirements s e t f o r t h in RCRA. 
Goals of a Hazardous Substance Ground-Water Monitoring Program 
In order to a s sess the e f f e c t s hazardous subs tances may have on 
ground-water q u a l i t y in I l l i n o i s , a coherent moni tor ing plan is needed. 
The bas ic o b j e c t i v e s for t h i s plan a r e : 
1) to supplement e x i s t i n g water q u a l i t y da ta useful for the iden-
t i f i c a t i o n of r eg iona l ground-water q u a l i t y problems, with an 
emphasis on s y n t h e t i c o rgan ic compounds, 
2) to provide a hazardous subs tance ground-water qua l i t y monitor-
ing program c o n s i s t e n t with a) the proposed S t r a t egy for the 
P r o t e c t i o n of Underground Water in I l l i n o i s ( I l l i n o i s S t a t e 
Water Plan Task Force , 1984), b) the proposed s t a t ewide ambient 
ground-water monitor ing plan (O'Hearn and Schock, 1984), and 
c) the ongoing IEPA-U.S. Geological Survey p i l o t s ta tewide 
ground-water moni tor ing network, 
3) to provide a wel l -conceived and dynamic program with the f l e x i -
b i l i t y to change as needs or emphases s h i f t (for example, from 
one geographical a rea to another , or from c e r t a i n chemical 
c o n s t i t u e n t s t o o t h e r s ) , 
4) to improve in te ragency communication and coopera t ion , and 
5) to provide a program t h a t acknowledges budgetary l i m i t a t i o n s . 
Such a moni tor ing program w i l l complement the cur ren t RCRA moni-
t o r i n g program. The RCRA program is d i r e c t e d toward s i t e - s p e c i f i c 
contaminant source moni tor ing whereas t h i s program w i l l monitor for 
r eg iona l e f f e c t s t h a t may r e s u l t from sources t h a t a re c u r r e n t l y un-
monitored. The ubiqui tous use of chemicals in our s o c i e t y under l i e s 
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the need for the addi t ional , more regional approach to hazardous sub-
stance ground-water quality monitoring. 
A hazardous substance ground-water monitoring (HSGWM) strategy 
will also complement the ins t i tu t ion of s t a t e and local ground-water 
protection s t r a t e g i e s . Among other considerations, the I l l i n o i s State 
Water Plan Task Force recognized that ident i f ica t ion of contaminant 
sources and aquifer suscep t ib i l i t i e s and assessment of regional 
ground-water quality are necessary before programs to protect ground 
water can be implemented ( I l l i n o i s State Water Plan Task Force, 1984). 
The in s t i t u t i on of a HSGWM stra tegy, par t icular ly in areas sens i t ive to 
contamination, should be considered. Recommendations for a statewide 
HSGWM st ra tegy, discussed l a t e r in th is repor t , include the definition 
and delineation of "sensi t ive" areas. 
Ground-water protection s t ra teg ies may include the prohibition or 
l imi ta t ion of the density of certain potent ia l ly contaminating ac t iv i -
t i e s in sens i t ive areas and/or s t r i c t control of potential contaminant 
sources (DiNovo and Jaffe, 1984). Continued monitoring is also neces-
sary to evaluate the effectiveness of any protection program. 
A monitoring network designed to characterize the ambient ground-
water quali ty in I l l i n o i s was recently designed by O'Hearn and Schock 
(1984). This Ambient Network was developed to identify and assess 
exis t ing regional ground-water resource problems in the s t a t e ' s 
aquifers and to provide baseline data in unaffected areas for the 
detection of future ground-water problems. The plan is directed toward 
providing information on ambient ground-water conditions in I l l i n o i s 
aquifers and documenting signif icant changes in these conditions over 
time. The proposed Ambient Network provides a framework for the com-
prehensive col lect ion and review of ground-water information; however, 
it is not designed to speci f ica l ly address the issue of hazardous sub-
stances in ground water. A brief discussion of t h i s proposed statewide 
network is included here as a basis for comparison with recommendations 
applicable to a separate , but pa ra l l e l , effort for statewide monitoring 
of hazardous substances in ground water. 
The Ambient Network emphasizes water quantity and quality monitor-
ing at exis t ing public water supply wells in principal aquifers of 
I l l i n o i s (Figure 8 ) . Water quality monitoring was recommended espe-
c ia l ly in principal aquifer areas susceptible to contamination, where 
the principal aquifers and the i r respective areas of high suscept i -
b i l i t y overlap (Figures 8, 13, and 14). With th is s t ra tegy, it was 
recognized that it is impractical to monitor ground water beneath a l l 
areas and within a l l water-bearing formations of the s t a t e at the same 
level of d e t a i l . Areas were identif ied which have the greatest poten-
t i a l impact both in terms of suscep t ib i l i ty to contamination and poten-
t i a l yield. Wells within susceptible principal aquifer areas were 
label led as "high" p r io r i ty and given greater emphasis in the monitor-
ing s t ra tegy . A prac t ica l l imit of one well per square mile per 
aquifer type was established for candidate network wells tapping the 
same aquifer in close proximity to each other . 
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The proposed sampling s t ra tegy recommended three levels of moni-
tor ing ac t iv i ty : 
Level I: Routine Monitoring - a continuation of the current SDWA 
compliance monitoring by the IEPA, with the addition of 
an organic compound scan. Wells are sampled at l eas t 
once every three to five years across the whole s t a t e 
(without respect to aquifer type or geographical 
loca t ion) . 
Level I I : Intensive Monitoring - public water supply wells within 
a part icular principal aquifer are to be sampled over a 
r e l a t ive ly short time period to provide a "snapshot" of 
spa t ia l and temporal conditions of an aquifer. 
Level I I I : Special Studies - special studies and sampling are to 
be conducted in problem areas detected by ground-water 
sampling at the routine and intensive monitoring 
leve ls . Special s tudies are designed to provide 
greater detai l on specif ic problem magnitude and 
causes. 
The Ambient Network provides a framework for the collect ion of 
ambient ground-water quality data but, again, it was not designed 
speci f ica l ly for the assessment of hazardous substance effects on 
I l l i n o i s ground-water quali ty. For example, to avoid oversampling and 
conserve funds in the Ambient Network, a pract ical l imi t of one network 
well per square mile per aquifer type was chosen. In areas where 
hazardous substance-related a c t i v i t i e s are densely s i tuated and many 
wells ex is t , a HSGWM network should be ins t i tu t ed to f i l l in data from 
wells that the Ambient Network does not monitor. In t h i s manner, the 
two networks can complement each other. 
Figure 41 conceptually i l l u s t r a t e s the relat ionships among wells 
that may f a l l within a HSGWM network and wells included in the Ambient 
Network. The ent i re figure represents a l l exist ing or potent ia l ly 
established wells in I l l i n o i s screened in some water-bearing unit or 
formation (including public and pr ivate , high capacity and monitoring 
wel l s ) . The large c i rc le represents the domain of a l l I l l i n o i s public 
water supply wells, which is a subset of a l l water wells . 
All public water supplies are sampled routinely, although infre-
quently (an average of once every four years) , for compliance with the 
SDWA. With the addition of an organic compound analyt ical scan, the 
SDWA compliance monitoring forms the basis of the Ambient Level I moni-
tor ing. Sampling at t h i s level is too broad for an assessment of 
hazardous substances in ground water. Samples are collected in a 
f a i r l y "random" pattern across the s t a t e with l i t t l e emphasis on 
specif ic regions or aquifers where hazardous materials ac t i v i t i e s are 
taking place. 
Level II monitoring in the Ambient Network involves PWS wells open 
to I l l i n o i s principal aquifers (a subset of Level I ) . In terms of 
emphasis, t h i s level most closely s a t i s f i e s the needs of a HSGWM plan. 
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Figure 41. Relationships between hazardous substance ground-water 
monitoring network wells and the proposed statewide Ambient Network 
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Sampling is directed toward specif ic aquifers with some emphasis on 
susceptible areas. However, to fully meet the needs of a HSGWM plan, 
p r io r i t i e s must be directed toward areas where a high degree of hazard-
ous substance ac t iv i ty ex i s t s . Also, the spa t ia l density of only one 
well per square mile must be increased in areas of high hazardous sub-
stance a c t i v i t y . 
Level I I I monitoring in the Ambient Network, involving monitoring 
of public and private wells in problem areas, is tr iggered by suspected 
problems found during Level I and Level II monitoring. Monitoring 
a c t i v i t i e s in Level I I I could include a variety of non-public wel ls . 
Thus portions of the Ambient Network could f a l l outside the area 
enclosed by Level I in Figure 41. Sampling at t h i s level is directed 
toward contaminant source ident i f ica t ion and characterization of the 
extent and magnitude of specif ic contamination incidents . Sampling at 
t h i s level is too specif ic for the type of data gathering effort needed 
for a statewide assessment of hazardous substances in ground water. 
A c i r c l e , similar to that which describes the Ambient Level I I I , 
is used to depict wells that would be part of a HSGWM network. As th is 
network develops, it is apparent that some overlap with the Ambient 
Network will occur, especially in high pr io r i ty areas. The amount of 
overlap will be determined when specif ic wells are chosen for the HSGWM 
plan. It is also anticipated that a number of new monitoring wells may 
be necessary for areas within the s t a t e where high levels of hazardous 
substance ac t iv i ty are not in close proximity to PWS wells . 
The differences between the Ambient Network and the needs of a 
HSGWM plan r e su l t from differences in monitoring purpose. The Ambient 
Network s t r ives to provide baseline data in unaffected areas for the 
detection and assessment of potential future ground-water problems. On 
the other hand, a hazardous substance monitoring plan should emphasize 
the col lect ion of baseline data in potent ial ly affected areas to deter-
mine if hazardous substances are contaminating ground water in 
I l l i n o i s . 
Different goals support the need for separate, but pa ra l l e l , 
programs. It is envisioned that the HSGWM and Ambient Network monitor-
ing programs, along with the SDWA and RCRA compliance monitoring 
programs, are designed to assess different aspects of ground-water 
quality in I l l i n o i s . Overlap of programs will occur and proper 
planning will allow some collected data to sa t i s fy the needs of a l l 
programs. 
Targeting Hazardous Substance Ground-Water 
Monitoring Areas in I l l i n o i s 
A program to collect the needed hazardous substance-related 
ground-water quality data must consider optimal use of available funds 
and personnel. Similar to the Ambient Network, a HSGWM plan must recog-
nize that it is impractical to monitor ground water beneath a l l areas 
and within a l l water-bearing formations of the s t a t e at the same level 
of de t a i l . Emphasis must be placed on regions in which the resource 
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and the most people a re p o t e n t i a l l y at r i s k . Areas of s i g n i f i c a n t 
publ ic ground-water withdrawals where l a r g e popula t ions may be poten-
t i a l l y a f f e c t e d , p a r t i c u l a r l y a reas where the aqu i fe r s a re s u s c e p t i b l e 
to ground-water contamination and a re proximate to high l e v e l s of 
p o t e n t i a l l y contaminat ing a c t i v i t i e s , must r ece ive the h ighes t p r i o r i t y 
in a HSGWM plan . 
Pre l iminary i d e n t i f i c a t i o n of these s e n s i t i v e regions involved 
seve ra l c o n s i d e r a t i o n s . These inc lude : 
1) pub l i c water supply withdrawals by aqui fer (Figures 1, 2, 
and 3 ) , 
2) f a c i l i t i e s which may handle hazardous m a t e r i a l s (Figure 4 ) , 
3) l o c a t i o n s of p r i n c i p a l a q u i f e r s (Figure 8 ) , and 
4) a reas of shallow aqui fer s u s c e p t i b i l i t y (Figures 13 and 14) . 
Maps address ing these c o n s i d e r a t i o n s were o v e r l a i d in order to 
t a r g e t a reas for hazardous subs tance ground-water moni tor ing . The 
o b j e c t i v e of over lay ing these maps is to h igh l i gh t a reas where 
a) a q u i f e r s a re s u s c e p t i b l e to contaminat ion, b) t h e r e is a 
" s i g n i f i c a n t " amount of p o t e n t i a l l y contaminat ing a c t i v i t y , and 
c) t h e r e is a " s i g n i f i c a n t " amount of, or p o t e n t i a l f o r , ground-water 
withdrawal . Spec i f i c c r i t e r i a used to def ine these reg ions a re shown 
in Table 6. 
Table 6. C r i t e r i a Used to Define Targeted Areas for 
Hazardous Substance Ground-Water Monitoring 
I . Current Ground-Water Withdrawals 
Greater than 100,000 gpd withdrawal per township 
for sand and gravel or shallow bedrock aqu i f e r s 
(Figures 1 and 2) 
I I . P o t e n t i a l Ground-Water Withdrawals 
Designat ion as p r i n c i p a l shallow bedrock or 
sand and gravel aqu i fe r : 
y ie lds g r e a t e r than 100,000 gpd/sq mi and 
area of more than 50 square miles (Figure 8) 
I I I . P o t e n t i a l Hazardous Substance Sources 
Greater than 2.0 hazardous s u b s t a n c e - r e l a t e d f a c i l i t i e s 
per square mile per z ip code area (Figure 4) 
IV. Aquifers Highly Suscep t ib l e to Contamination 
Designat ion as h ighly s u s c e p t i b l e sand and gravel aqui fe r 
(Figure 13) or 
h ighly s u s c e p t i b l e shal low bedrock aqu i fe r (Figure 14) 
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Criterion I was used to evaluate the current use of an aquifer. 
Use of th i s c r i te r ion assumes that the population potent ial ly affected 
by contamination is proportional to water use. Data collected on PWS 
ground-water withdrawals per township for 1982 were mapped by aquifer 
type (Figures 1 and 2) to determine where major pumpage for drinking 
water is occurring. Withdrawals greater than 100,000 gallons per day 
per township from sand and gravel and shallow bedrock aquifers were 
highlighted for the targeting s t ra tegy. 
Cri terion II was used to assess where major future ground-water 
supplies may be located. A map of the principal aquifers of I l l i n o i s 
(Figure 8) was employed to outl ine areas most l ike ly to be developed 
for future ground-water withdrawals. As with the Ambient Monitoring 
Network, principal aquifers are defined as formations capable of yield-
ing 100,000 gallons per day per square mile which cover an area of at 
leas t 50 square miles. 
Cri terion I I I was used to evaluate the presence of potential 
hazardous substance contaminant sources. The assumption behind the use 
of th i s c r i t e r ion is that the density of hazardous substance-related 
f a c i l i t i e s is proportional to the potential for contamination ( i . e . , 
the higher the density of hazardous substance-related f a c i l i t i e s , the 
greater the risk for contamination of ground water by hazardous 
substances).. Comparison of the d is t r ibut ion of hazardous substance-
re la ted f a c i l i t i e s (Figure 4) and a summary map of U.S. EPA Emergency 
and Remedial Response Inventory (ERRIS) s i t e s for I l l i n o i s (Figure 42) 
generally supports th i s assumption. While s i t e s l i s t e d on ERRIS may 
not involve contamination of ground water by hazardous substances, it 
is noteworthy that the number of potential problem s i t e s occurs in a 
pattern very similar to the d is t r ibut ion of f a c i l i t i e s that may handle 
hazardous mater ia ls . The target level for hazardous material ac t iv i ty 
was defined as more than 2.0 f a c i l i t i e s per square mile per zip code 
area (Figure 4) . 
It is recognized that other factors involved with hazardous 
substance-related a c t i v i t i e s may be as important, if not more impor-
tant , than density considerations. Such factors include: 
1) the type and volume of substances handled, 
2) the management practices used in the handling of such 
materials , 
3) the type of f ac i l i t y ( i . e . , treatment, storage, or disposal) , 
and 
4) nonpoint sources of hazardous substance contamination, par-
t i cu l a r l y agr icul tural use of hazardous chemicals. 
Unfortunately, th i s type of information is unavailable and cannot 
be summarized on a statewide basis . Often, the types and volumes of 
chemicals used in industrial/commercial operations are proprietary 
information, although new laws concerning company not i f icat ion of 
hazards posed to employees may improve the ava i l ab i l i ty of th i s data. 
Further, knowing the types of chemicals being handled says l i t t l e about 
the manner in which those chemicals are handled and whether they are 
t rea ted, stored, or disposed of on or o f f - s i t e . 
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USEPA OFFICE OF EMERGENCY AND 
REMEDIAL RESPONSE 
Figure 42. D i s t r i b u t i o n of ERRIS s i t e s 
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Nonpoint sources of ground-water contaminat ion, p a r t i c u l a r l y from 
a g r i c u l t u r a l l y - r e l a t e d a c t i v i t i e s , a re another important p o t e n t i a l 
hazardous substance source for which l i t t l e s p e c i f i c information 
rega rd ing use in I l l i n o i s is a v a i l a b l e . A survey of s t a tewide p e s t i -
cide use (Pike and Colwell , 1982) es t imated t h a t 65.4 m i l l i o n pounds of 
he rb ic ides and 7.3 mi l l i on pounds of i n s e c t i c i d e s were appl ied to 
I l l i n o i s f i e l d s in 1982. Table 7 summarizes the percentage of acres 
t r e a t e d with p e s t i c i d e s o r i n s e c t i c i d e s in I l l i n o i s . However, t hese 
f i gu re s were ex t r apo la t ed from only 689 a g r i c u l t u r a l producer responses 
(out of 2000 producers surveyed and approximately 84,000 t o t a l poss ib l e 
producers) and do not provide s u f f i c i e n t d e t a i l to d e l i n e a t e p e s t i c i d e 
usage over s p e c i f i c r e g i o n s . 
Table 7. Pest Control P r a c t i c e s Reported for 1982 in I l l i n o i s 
(Source: Pike and Colwell , 1982) 
Percent Percent of a c r e s 
of farms t r e a t e d with 
Crop Total ac re s with crop Herbicides I n s e c t i c i d e s 
Corn 11,700,000 96 98.7 47.0 
Soybeans 9,520,000 87 99.1 1.0 
Grain* 2,030,000 46 5.1 2.4 
Hay 1,130,000 40 1.8 7.4 
Pas ture 1,730,000 45 0.9 <1.0 
*Includes sorghum, wheat, o a t s , and rye 
No information is a v a i l a b l e r ega rd ing reg iona l contaminat ion of 
ground water by p e s t i c i d e s in I l l i n o i s . Studies conducted in surround-
ing s t a t e s (Hal lberg e t a l . , 1984; Rothschi ld e t a l . , 1982; Cohen 
et a l . , 1984) have revea led r eg iona l contamination of ground water from 
commonly appl ied p e s t i c i d e s beneath a reas where s o i l i n f i l t r a t i o n r a t e s 
a re high and i n t e n s i v e row cropping has taken p lace . Similar s e n s i t i v e 
hydro log ic / l and use condi t ions are present in I l l i n o i s and i t i s c l ea r 
t h a t s i g n i f i c a n t amounts of p e s t i c i d e s a re being app l ied to I l l i n o i s 
f i e l d s . However, no i n v e s t i g a t i o n s of p e s t i c i d e s in I l l i n o i s ground 
water have been conducted. Because of the widespread use of p e s t i c i d e s 
in I l l i n o i s , a l l s u s c e p t i b l e aqu i fe r s beneath r u r a l a reas may be poten-
t i a l l y a f fec ted by p e s t i c i d e s . Such widespread a reas were not s p e c i f i -
c a l l y t a r g e t e d i n t h i s s tudy . • 
C r i t e r i o n IV was used to focus a t t e n t i o n on aqu i fe r s which a r e 
h ighly s u s c e p t i b l e to contaminat ion. The r e l a t i v e a b i l i t y of geologic 
m a t e r i a l s , wi th in 50 f ee t of the sur face of the e a r t h , to t r ansmi t 
municipal l a n d f i l l l e a c h a t e has been mapped (Berg et a l . , 1984). This 
map was r e f ined to d i sp lay only those areas where sand and gravel or 
permeable bedrock occur wi th in the upper 50 fee t (Figures 13 and 14) . 
Only s u s c e p t i b i l i t y to municipal l a n d f i l l l e acha t e was considered in 
the o r i g i n a l mapping process . Other a reas which may be s u s c e p t i b l e to 
89 
substances with different chemical properties ( e .g . , organic solvents) 
may not be delineated. 
Areas meeting the c r i t e r i a outlined in Table 6 were in i t ia l ly-
mapped for possible hazardous substance monitoring. Given a weight or 
rat ing factor of " 1 " for each c r i t e r ion , areas which meet the require-
ments of a l l the c r i t e r i a would receive a maximum ra t ing of four 
points. . With th i s s t ra tegy, the areas which f a l l into each category 
were highlighted and the highlighted areas ranked according to the 
number of points accumulated. This was most easi ly accomplished by map 
overlays. Different shading of each cr i te r ion created a v is ib le 
pattern where areas with the highest ra t ing were located. 
Plates 1 and 2 (inside back cover) present the r e s u l t s of the 
overlaying process for the sand and gravel and shallow bedrock 
aquifers, respect ively. Darker shading denotes an increased number of 
overlapping c r i t e r i a . The red areas represent susceptible major 
aquifers which are currently providing significant amounts of ground 
water to public wells and which are overlain by a s ignif icant amount of 
potent ia l ly contaminating hazardous substance ac t iv i ty . Therefore, 
these areas should be considered f i r s t for regional hazardous substance 
monitoring. 
Altogether, only 17 of 102 I l l i n o i s counties contain areas which 
sa t i s fy a l l four c r i t e r i a outlined in Table 6. However, every county 
s a t i s f i e s at leas t one c r i t e r ion . As expected, the most highly ranked 
target areas surround the major urban/industrial centers within the 
s t a t e . Major areas include the greater Chicago and J o l i e t metropolitan 
regions (including most of Will, DuPage, and Lake Counties), the 
Rockford-Belvidere area in Boone and Winnebago Counties, the Fox River 
valley region from McHenry County to northern Kendall County, the 
Peoria-Pekin area along the I l l i n o i s River, and several areas along the 
Mississippi River valley including the Quad-Cities area (Rock Island, 
Moli'ne), Quincy, and the East St. Louis-American Bottoms area. Other 
areas include the c i t i e s of Champaign, Decatur, and Kankakee. 
It is not d i f f i cu l t to understand how these areas qualify under 
the c r i t e r i a chosen for the target ing process. This can be explained 
by applying a h i s to r i ca l and hydrologic perspective to the sand and 
gravel overlay map (Plate 1) . 
Many of the major c i t i e s in I l l i n o i s were developed along r ivers 
which served as t ransporta t ion routes as well as sources of water for 
domestic and manufacturing use. The a l luvia l sands and gravels 
deposited along the river valleys also served as plent iful sources of 
water from underground. By the i r very nature, these a l luv ia l deposits 
are s i tua ted near the surface and the water contained within the 
deposits is susceptible to contamination from surface and near-surface 
a c t i v i t i e s . 
As development of the s t a t e proceeded in the 20th century, the 
need for r ivers to transport goods decreased but the need for a p len t i -
ful supply of clean water grew. Many industries chose to locate along 
the r ivers because of the ava i l ab i l i t y of ground water. In addition to 
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the increased requirements of the growing indus t ry , the popula t ions 
around the i n d u s t r i a l cen te r s demanded more wate r . Ground water in the 
a l l u v i a l depos i t s was a n a t u r a l water source to e x p l o i t . 
The growth of populat ion and indus t ry in proximity to l a r g e s u s -
c e p t i b l e aqu i fe r s is v e r i f i e d on the sand and gravel over lay map 
(P la t e 1) . All t h e major r i v e r systems, inc lud ing the Fox, Rock, 
Wabash, I l l i n o i s , and M i s s i s s i p p i , conta in areas which rank high in the 
t a r g e t i n g scheme. In these a r e a s , major ground-water withdrawals from 
s u s c e p t i b l e aqu i f e r s coincide with a high degree of i n d u s t r i a l , poten-
t i a l l y hazardous s u b s t a n c e - r e l a t e d a c t i v i t y . 
The conserva t ive approach of looking at "worst case" p o s s i b i l i t i e s 
of ground-water contamination due to hazardous substance a c t i v i t i e s 
minimizes the e f f e c t s of da ta de f i c i enc i e s on the o v e r a l l outcome of 
the t a r g e t i n g scheme. C o l l e c t i o n of needed ground-water qua l i t y da ta 
r e l a t e d to hazardous subs tances should begin in the t a r g e t e d count ies 
to assess the e f f e c t s of hazardous m a t e r i a l s on ground water before 
da ta c o l l e c t i o n e f f o r t s a re expended e lsewhere . 
Regional Hazardous Substance Ground-Water Monitoring 
Within the t a r g e t e d a r e a s , work must begin on the c o l l e c t i o n of 
ground-water samples for hazardous substance de t e rmina t ions . The 
fol lowing t en t a s k s provide a recommended sys t ema t i c approach which can 
be appl ied to each t a r g e t e d r eg ion . Each t a sk is d iscussed below: 
1) Pre l iminary a r e a l reconnaissance 
2) I d e n t i f i c a t i o n of e x i s t i n g da ta sources on geology, hydrology, 
ground-water q u a l i t y , and hazardous substance a c t i v i t y 
3) Co l l ec t i on and a s s i m i l a t i o n of e x i s t i n g da ta 
4) Formulation of a conceptual model of the hydrologic system 
5) Evaluat ion of data de f i c i enc i e s 
6) Establishment of a reas and we l l s for sampling 
7) Determination of analyses to be performed on each sample 
8) Co l l e c t i on of samples 
9) Evaluat ion of the e f f ec t i venes s of sampling and the need for 
a d d i t i o n a l information 
10) Considera t ion of p repara t ion of a r eg iona l ground-water 
p r o t e c t i o n s t r a t e g y and continued monitor ing 
1. Preliminary areal reconnaissance. An i n i t i a l t r i p to the a rea 
to a s sess f i e l d cond i t ions and contact people who may provide a s s i s -
tance is recommended. Such people would include those having knowledge 
of or access to needed da ta and those oversee ing the ope ra t ion of water 
wel l s t h a t may be sampled. 
2. Ident i f i ca t ion of e x i s t i n g data sources on geology, hydrology, 
ground-water qual i ty , and hazardous substance a c t i v i t y . During the 
i n i t i a l v i s i t and subsequent c o n t a c t s , data sources should be sought . 
The types of da ta t h a t e x i s t , the personnel who mainta in the da ta , and 
the data a c c e s s i b i l i t y should be determined. Considerable geologic , 
hydro logic , and water q u a l i t y da ta e x i s t at the ISWS, ISGS, IEPA, and 
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local public health off ices . Local Chambers of Commerce may provide 
invaluable information regarding current and h i s to r i ca l indus t r ia l / 
commercial a c t i v i t i e s . 
3. Collection and assimilation of existing data. Once the ex is t -
ing data have been ident i f ied, efforts should be made to gather the 
available data. Review of the accumulated information should be con-
ducted to assess i t s usefulness for the preparation of the regional 
monitoring plan. 
4. Formulation of a conceptual model of the hydrologic system. 
The data should also be reviewed in the context of the formulation of a 
"conceptual model" of the hydrologic system. Such a "model" is a 
simplif icat ion of the complicated real-world hydrologic environment. 
The model is useful for interpret ing the in ter re la t ionships of the 
various data. Valuable information about land use practices ( e . g . , 
hazardous substance a c t i v i t i e s ) should not be overlooked as input to 
the model. For example, knowing the location of pumping wells , the 
aquifers they produce water from, thei r pumping r a t e s , and the i r prox-
imity to contaminant sources may s ignif icant ly help to explain the 
variations in quality found in the water produced by each well . 
Detailed mathematical models of ground-water flow and solute transport 
can be formulated given sufficient data but are not necessary to 
evaluate the re la t ionships between the various inputs to ground-water 
qual i ty. 
5. Evaluation of data deficiencies. The conceptual model should 
be useful for determining the completeness of the available data. 
Relevant questions concerning the data completeness include: 1 ) what 
data are missing that are necessary to the usefulness of the model? and 
2) what data are missing or insufficient that the model predicts are 
important, i . e . , which areas are l ike ly to be contaminated, given what 
is known about the i r geology, hydrology, and hazardous substance 
ac t iv i ty? 
6. Establishment of areas and wells for sampling. With the data 
deficiencies c lear ly delineated, areas or wells can be targeted for 
sampling. If important areas are delineated where wells do not 
currently ex is t , new wells can be constructed speci f ica l ly for 
sampling. 
7. Determination of analyses to be performed on each sample. At 
a minimum, samples should be analyzed for parameters for which drinking 
water standards have been set (see Table 3) , a l l major cations and 
anions, t race metals, t o t a l organic carbon (TOC) , vo la t i l e organic 
carbon (VOC), and t o t a l organic halogen (TOX). 
8. Collection of samples. The selected wells should be sampled 
according to proper sampling, storage, and transport procedures. 
Attention should be paid to proper quality assurance and quality 
control (QA/QC). Coordination between f ie ld and laboratory personnel 
is extremely important. 
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9. Evaluation of the effectiveness of sampling and the need for 
additional information. Once the analyses of collected samples are 
completed, review of the analyt ical determinations is necessary. The 
location of contaminated areas should be outl ined. A comparison of 
these areas with potential sources should be made. The need for addi-
t iona l , possibly more speci f ic , analyses (especially to quantify 
specif ic organic contaminants identif ied in the VOC, TOC, or TOX scans) 
should be evaluated. Additionally, an evaluation of the conceptual 
model and how well it predicts the movement of ground-water contami-
nants, as found in the regional sampling, is recommended. An assess-
ment of the application of the sampling methodology to other targeted 
regions should be conducted. Suggested modifications to the method-
ology should be e l i c i t ed from project par t ic ipants to improve future 
e f for t s . 
10. Consideration of preparation of a regional ground-water 
protection strategy and continued monitoring. The re su l t s of the 
sampling program may reveal areas of degraded ground-water quality in 
close proximity to drinking water wel ls . The implementation of mit i -
gation and protection s t r a t eg i e s , and the need for continued monitor-
ing, must be considered. 
Proposed Pilot Investigation 
It is beyond the scope of t h i s current effort to estimate the 
to ta l number of wells that would need to be sampled or the amount of 
funding required to invest igate each targeted area throughout the 
s t a t e . However, th is approach has been proposed as a p i lo t investiga-
tion of the sensi t ive areas outlined in the Rockford region on Plates 1 
and 2. As proposed, the study will take three years. Cost estimates 
have not been made for a l l three years; however, the proposed budget 
for the f i r s t year is approximately $200,000. 
The f i r s t year involves review of available data on the geology, 
hydrology, and hazardous substance a c t i v i t i e s of the area; the prepara-
t ion of a conceptual model of the study area; and the collection of 
water samples and water level data from approximately 75 to 150 wel ls . 
The information collected and interpreted in the f i r s t year wil l indi-
cate areas requiring more detailed invest igat ion. 
The second year will include more intensive ground-water sampling 
to identify the nature and extent of local problems found in the f i r s t 
year. Spatial and temporal water quality trend analyses will also be 
conducted. Careful consideration will be given to the future waste 
management and ground-water supply protection needs of the region, with 
recommendations for specif ic ground-water protection measures. 
In the th i rd year, the approach taken in the Rockford region wil l 
be evaluated for i t s appl icabi l i ty to other areas targeted for hazard-
ous substance ground-water data collect ion ef for t s . The lessons 
learned in the i n i t i a l effort in Rockford will be applied to the other 
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reg ions of the s t a t e with s i m i l a r problems of s i g n i f i c a n t ground-water 
use , s u s c e p t i b l e a q u i f e r s , and i n t e n s i v e l e v e l s of hazardous substance 
a c t i v i t i e s . 
Conclusions 
A s ta tewide hazardous subs tance ground-water moni tor ing program is 
needed to a s sess the e f f e c t s hazardous subs tances may have on the 
s t a t e ' s ground-water r e s o u r c e s . The s e r i o u s l ack of app rop r i a t e 
chemical da ta and absence of a comprehensive e f f o r t to c o l l e c t such 
information must be r e c t i f i e d . 
The primary goal of such a program is to provide information t h a t 
w i l l permit assessment of hazardous substance e f f e c t s on I l l i n o i s 
ground wate r . I t i s imprac t i ca l to monitor ground water beneath a l l 
a reas and from a l l wa te r -bear ing formations of the s t a t e at the same 
l e v e l of d e t a i l . Therefore , c r i t e r i a were developed to rank a reas 
according to the p o t e n t i a l r i s k to cur ren t and fu tu re pub l ic ground-
water dr ink ing s u p p l i e s . 
The developed c r i t e r i a emphasize areas of s i g n i f i c a n t pub l ic 
ground-water withdrawals where l a r g e popula t ions may be p o t e n t i a l l y 
a f f e c t e d , p a r t i c u l a r l y a reas where the aqu i fe r s t h a t are s u s c e p t i b l e to 
contamination are proximate to high l e v e l s of p o t e n t i a l l y contaminating 
hazardous substance a c t i v i t i e s . The c r i t e r i a used to def ine t a r g e t e d 
a reas inc lude : 
1) ground-water withdrawals g rea t e r than 100,000 gpd per 
township, 
2) des igna t ion as a p r i n c i p a l sand and gravel or shallow bedrock 
aqu i f e r , 
3) g r ea t e r than 2.0 hazardous s u b s t a n c e - r e l a t e d a c t i v i t i e s per 
square mile per z ip code a rea , and 
4) des igna t ion as a h ighly s u s c e p t i b l e sand and gravel or shallow 
bedrock a q u i f e r . 
Maps dep i c t i ng the s e l e c t e d c r i t e r i a were prepared and o v e r l a i d to 
d e l i n e a t e a reas where the r i s k to publ ic ground-water s u p p l i e s i s 
p o t e n t i a l l y g r e a t e s t . 
The most highly ranked t a r g e t areas for moni tor ing of hazardous 
subs tances surround the major u r b a n / i n d u s t r i a l cen te r s wi th in the 
s t a t e . Major areas inc lude g rea t e r Chicago, J o l i e t , Rockford-
Belv idere , Peor ia -Pek in , East S t . Louis, Rock I s land-Mol ine , and 
Kankakee. Co l l ec t i on of needed ground-water q u a l i t y da ta must begin in 
these areas to assess the e f f e c t s of hazardous subs tances on ground 
water before data c o l l e c t i o n e f f o r t s are expended e l sewhere . 
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RECOMMENDATIONS FOR FUTURE RESEARCH 
H. A. Wehrmann, S. C. Schock, and M. D. Broten 
On the basis of the r e su l t s of a l l phases of th i s study, the 
following recommendations are made. 
1. Data Collection: 
• Gather data on synthet ic organic compounds in ground water 
as part of a properly planned hazardous substance ground-
water monitoring program. 
• Gather data on the types and amounts of agr icul tura l 
chemicals applied to I l l i n o i s row crops, especially over 
sensi t ive aquifers . 
• Gather data concerning the on-s i te management of hazardous 
substances. 
• Update the hazardous substance a c t i v i t i e s data base as more 
detai led information becomes avai lable . 
• Relate current a c t i v i t i e s to those which took place in the 
past which may have already s igni f icant ly affected ground-
water resources. 
2. Data Verif ication: 
• Develop a process to verify waste stream types and composi-
t ion, and location and management practices for hazardous 
substances. 
• Enhance the water quality data ver i f icat ion and sample 
support information. 
3. Data Refinement: 
• Improve knowledge of individual chemicals being used in 
indust r ia l processes. This information will identify more 
specif ic water quality monitoring parameters based on the 
prevalence of surrounding a c t i v i t i e s . 
• Examine the r e l i a b i l i t y of samples from PWS wells as 
compared to samples from dedicated monitoring wells . 
• Improve the current method of re la t ing indust r ia l ac t iv-
i t i e s to specif ic hazardous substances. This method should 
take into account the size and history of a c t i v i t i e s . 
• Incorporate information on ground-water levels to help 
del ineate regional and local ground-water flow pat terns . 
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• Evaluate the suscep t ib i l i ty of a l l I l l i n o i s aquifers to 
hazardous substance contamination, beginning with sand and 
gravel aquifers. 
• Improve sampling and analyt ical methods and ensure the 
report ing of the methods employed, detection l imi t s , e t c . 
• Conduct further studies to examine possible re la t ionships 
between increased mineralization of shallow aquifer ground 
water in urban areas and hazardous substance a c t i v i t i e s . 
4. Ground-Water Quality Monitoring Strategy Refinement: 
• Modify target area select ion methodology to incorporate 
agr icul tura l pesticide data and improved hazardous sub-
stance ac t iv i ty data. 
5. Ground-Water Quality Monitoring Strategy Implementation: 
• I n s t i t u t e a p i lo t study within one targeted region to 
evaluate the effectiveness of the target ing process and to 
provide a methodology to follow in other targeted regions. 
• Provide regular reports describing program ac t i v i t i e s and 
effectiveness. 
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No. of 
SIC f a c i l i t i e s Short t i t l e 
0700 2 AGRICULTURAL SERVICES 
0710 1 Soi l p r epa ra t i on s e r v i c e s 
0711 80 s o i l p repa ra t ion s e r v i c e s 
0720 0 Crop s e r v i c e s 
0721 97 crop p l a n t i n g and p r o t e c t i o n 
0729 6 general crop s e r v i c e s 
0782 638 lawn and garden s e r v i c e s 
0783 151 ornamental shrub and t r e e s e r v i c e s 
1000 0 METAL MINING 
1010 0 Iron ores 
1011 4 i ron ores 
1020 0 Copper ores 
1021 4 copper ores 
1030 0 Lead and z inc o res 
1031 4 lead and z inc o res 
1040 0 Gold and s i l v e r ores 
1041 3 gold ores 
1044 0 s i l v e r o res 
1050 0 Bauxite and o the r aluminum ores 
1051 0 bauxi te and o the r aluminum ores 
1060 0 F e r r o a l l o y o r e s , except vanadium 
1061 3 f e r r o a l l o y o r e s , except vanadium 
1080 0 Metal mining s e r v i c e s 
1081 2 metal mining s e r v i e s 
1090 0 Miscel laneous metal o res 
1092 0 mercury o res 
1094 1 uranium-radium-vanadium ores 
1099 2 metal o r e s , nec 
1100 0 ANTHRACITE MINING 
1110 0 a n t h r a c i t e mining 
1111 4 a n t h r a c i t e 
1112 1 a n t h r a c i t e mining s e r v i c e s 
1200 1 BITUMINOUS COAL AND LIGNITE MINING 
1210 0 Bituminous coal and l i g n i t e mining 
1211 226 bituminous coal and l i g n i t e 
1213 27 bituminous & l i g n i t e mining s e r v i c e s 
1300 2 OIL AND GAS EXTRACTION 
1310 0 Crude petroleum and n a t u r a l gas 
1311 2884 crude petroleum and n a t u r a l gas 
1321 5 n a t u r a l gas l i q u i d s 
1389 169 o i l and gas f i e l d s e r v i c e s , nec 
1470 0 Chemical and f e r t i l i z e r minerals 
1472 0 b a r i t e 
1473 12 f luo r spa r 
1474 2 potash, soda and bora te minerals 
1475 1 phosphate rock 
1476 1 rock s a l t 
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1477 0 sulfur 
1479 0 chemical and f e r t i l i z e r mining, nec 
1710 3 Plumbing, hea t ing , a i r cond i t ion ing 
1711 4322 plumbing, hea t i ng , a i r condi t ion ing 
1720 0 Pa in t ing , paper hanging, decora t ing 
1721 92 pa in t i ng , paper hanging, decora t ing 
1760 4 Roofing and sheet metal work 
1761 106 roofing and sheet metal work 
1799 1057 spec i a l t r a d e c o n t r a c t o r s , nec 
2000 18 FOOD AND KINDRED PRODUCTS 
2022 60 cheese, n a t u r a l and processed 
2023 23 condensed and evaporated milk 
2032 23 canned s p e c i a l t i e s 
2033 47 canned f r u i t s and vegetables 
2035 42 p i c k l e s , sauces , and sa lad dress ings 
2040 2 Grain mi l l products 
2046 19 wet corn m i l l i n g 
2048 77 prepared feeds ,nec 
2052 29 cookies and crackers 
2065 110 confect ionery products 
2070 4 Fats and o i l s 
2075 16 soybean o i l m i l l s 
2076 5 vegetable o i l m i l l s , nec 
2079 22 shor ten ing and cooking o i l s 
2080 3 Beverages 
2082 6 malt beverages 
2086 71 bo t t l ed and canned so f t dr inks 
2087 41 f lavor ing e x t r a c t s and s i r u p s , nec 
2092 2 f resh or frozen packaged f i s h 
2099 144 food p r e p a r a t i o n s , nec 
2200 1 TEXTILE MILL PRODUCTS 
2211 56 weaving m i l l s , co t ton 
2231 4 weaving and f i n i s h i n g m i l l s , wool 
2241 15 narrow f a b r i c m i l l s 
2259 3 k n i t t i n g m i l l s , nec 
2261 40 f i n i s h i n g p l a n t s , co t ton 
2291 11 f e l t goods, exc. woven f e l t s & hats 
2300 1 APPAREL AND OTHER TEXTILE PRODUCTS 
2380 3 Miscellaneous apparel and acceso r i e s 
2381 12 f a b r i c d ress and work gloves 
2385 3 waterproof outergarments 
2386 10 l e a t h e r and sheep l i n e d c lo th ing 
2392 67 house f u r n i s h i n g s , nec 
2400 1 LUMBER AND WOOD PRODUCTS 
2420 0 Sawmills and planning m i l l s 
2421 10 sawmills and planning m i l l s , general 
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2430 0 Millwork, plywood & s t r u c t u r a l members 
2431 156 millwork 
2439 30 s t r u c t u r a l wood members, nec . 
2491 22 wood preserving 
2499 199 wood produc ts , nec 
2500 3 FURNITURE AND FIXTURES 
2511 235 wood household f u r n i t u r e 
2512 94 uphols te red household f u r n i t u r e 
2514 59 metal household f u r n i t u r e 
2522 38 metal o f f i ce f u r n i t u r e 
2531 23 pub l i c bu i ld ing & r e l a t e d f u r n i t u r e 
2541 143 wood p a r t i t i o n s and f i x t u r e s 
2542 85 metal p a r t i t i o n s and f i x t u r e s 
2611 9 pulp m i l l s 
2621 39 paper m i l l s , except bu i ld ing paper 
2631 37 paperboard m i l l s 
2640 1 Misc. converted paper products 
2641 93 paper coa t ing and g laz ing 
2642 50 envelopes 
2643 75 bags, except t e x t i l e bags 
2645 69 d i e - cu t paper and board 
2647 11 s a n i t a r y paper products 
2649 110 converted paper p roduc ts , nec 
2650 4 Paperboard con ta ine r s and boxes 
2651 69 fo ld ing paperboard boxes 
2652 29 s e t - u p paperboard boxes 
2653 206 corrugated and s o l i d f i b e r boxes 
2654 19 s a n i t a r y food con ta ine r s 
2655 29 f i b e r cans, drums & s i m i l a r products 
2661 31 bu i ld ing paper and board m i l l s 
2700 9 PRINTING AND PUBLISHING 
2711 702 newspapers 
2721 542 p e r i o d i c a l s 
2730 0 Books 
2731 426 book publ i sh ing 
2732 37 book p r i n t i n g 
2741 261 misc . pub l i sh ing 
2751 1375 commercial p r i n t i n g , l e t t e r p r e s s 
2752 2425 commercial p r i n t i n g , l i t h o g r a p h i c 
2753 90 engraving and p l a t e p r i n t i n g 
2754 61 commercial p r i n t i n g , gravure 
2761 69 manifold bus iness forms 
2770 0 Greet ing card pub l i sh ing 
2771 51 g ree t ing card pub l i sh ing 
2780 2 Blankbooks and bookbinding 
2782 83 blankbooks and loose lea f b inders 
2789 92 bookbinding and r e l a t e d work 
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2790 0 P r i n t i n g t r a d e s e r v i c e s 
2793 46 photoengraving 
2794 6 e l e c t r o t y p i n g and s t e r e o t y p i n g 
2795 52 l i t h o g r a p h i c platemaking s e r v i c e s 
2800 76 CHEMICALS AND ALLIED PRODUCTS 
2810 0 I n d u s t r i a l inorganic chemicals 
2812 6 a l k a l i e s and ch lo r ine 
2813 38 i n d u s t r i a l gases 
2816 32 inorganic pigments 
2819 174 i n d u s t r i a l inorganic chemicals , nec 
2820 0 P l a s t i c s m a t e r i a l s and s y n t h e t i c s 
2821 108 p l a s t i c s m a t e r i a l s and r e s i n s 
2822 18 s y n t h e t i c rubber 
2823 3 c e l u l o s i c man-made f i b e r s 
2824 10 organic f i b e r s , nonce lu los ic 
2830 2 Drugs 
2831 19 b i o l o g i c a l products 
2833 40 medicinals and bo t an i ca l s 
2834 132 pharmaceutical p repa ra t ions 
2840 3 Soap, c l e a n e r s , and t o i l e t goods 
2841 95 soap and o ther de t e rgen t s 
2842 206 pol i shes and s a n i t a t i o n goods 
2843 20 surface a c t i v e agents 
2844 176 t o i l e t p repa ra t ions 
2850 5 Pa in ts and a l l i e d products 
2851 240 pa in t s and a l l i e d products 
2860 2 I n d u s t r i a l organic chemicals 
2861 1 gum and wood chemicals 
2865 20 c y c l i c crudes and in te rmedia tes 
2869 104 i n d u s t r i a l organic chemicals , nec 
2870 5 Agr i cu l tu ra l chemicals 
2873 72 ni t rogenous f e r t i l i z e r s 
2874 26 phosphat ic f e r t i l i z e r s 
2875 19 f e r t i l i z e r s , mixing only 
2879 53 a g r i c u l t u r a l chemicals , nec 
2890 0 Misc. chemical products 
2891 110 adhesives and s e a l a n t s 
2892 16 explos ives 
2893 83 p r i n t i n g ink 
2895 2 carbon black 
2899 250 chemical p r e p a r a t i o n s , nec 
2900 21 PETROLEUM AND COAL PRODUCTS 
2910 0 Petroleum r e f i n i n g 
2911 97 petroleum r e f i n i n g 
2951 70 paving mixtures and blocks 
2952 16 aspha l t f e l t s and coa t ings 
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2990 0 M i s c . p e t r o l e u m and c o a l p r o d u c t s 
2992 9 7 l u b r i c a t i n g o i l s and g r e a s e s 
2999 2 p e t r o l e u m and c o a l p r o d u c t s , nec 
3000 12 RUBBER AND MISC. PLASTICS PRODUCTS 
3010 0 T i r e s and i n n e r t u b e s 
3011 3 8 t i r e s and i n n e r t u b e s 
3020 0 Rubber and p l a s t i c s f o o t w a r e 
3021 3 r u b b e r and p l a s t i c s f o o t w a r e 
3030 0 Rec la imed r u b b e r 
3031 4 r e c l a i m e d r u b b e r 
3040 0 Rubber and p l a s t i c s h o s e and b e l t i n g 
3041 26 r u b b e r and p l a s t i c s h o s e and b e l t i n g 
3060 0 F a b r i c a t e d r u b b e r p r o d u c t s , nec 
3069 151 f a b r i c a t e d r u b b e r p r o d u c t s , nec 
3070 0 M i s c . p l a s t i c s p r o d u c t s 
3079 1384 m i s c . p l a s t i c s p r o d u c t s 
3100 2 LEATHER AND LEATHER PRODUCTS 
3110 0 L e a t h e r t a n n i n g and f i n i s h i n g 
3111 29 l e a t h e r t a n n i n g and f i n i s h i n g 
3130 0 Boot and shoe c u t s t o c k and f i n d i n g s 
3131 5 boo t and s h o e c u t s t o c k and f i n d i n g s 
3140 0 F o o t w a r e , e x c e p t r u b b e r 
3142 3 house s l i p p e r s 
3143 8 m e n ' s f o o t w a r e , e x c e p t a t h l e t i c 
3144 0 women's f o o t w a r e , e x c e p t a t h l e t i c 
3150 1 L e a t h e r g l o v e s and m i t t e n s 
3151 6 l e a t h e r g l o v e s and m i t t e n s 
3200 19 STONE, CLAY, AND GLASS PRODUCTS 
3210 1 F l a t g l a s s 
321 1 21 f l a t g l a s s 
3220 0 G l a s s and g l a s s w a r e , p r e s s e d or blown 
3221 29 g l a s s c o n t a i n e r s 
3229 40 p r e s s e d and blown g l a s s , n e c 
3230 0 P r o d u c t s of p u r c h a s e d g l a s s 
3231 107 p r o d u c t s of p u r c h a s e d g l a s s 
3240 0 Cement , h y d r a u l i c 
3241 10 cemen t , h y d r a u l i c 
3255 1 0 c l a y r e f r a c t o r i e s 
3290 0 M i s c . n o n m e t a l l i c m i n e r a l p r o d u c t s 
3291 52 a b r a s i v e p r o d u c t s 
3292 23 a s b e s t o s p r o d u c t s 
3293 6 9 g a s k e t s , p a c k i n g and s e a l i n g d e v i c e s 
3295 31 m i n e r a l s , g round o r t r e a t e d 
3296 13 m i n e r a l wood 
3300 25 PRIMARY METAL INDUSTRIES 
3310 2 B l a s t f u r n a c e and b a s i c s t e e l p r o d u c t s 
3312 133 b l a s t f u r n a c e s and s t e e l m i l l s 
3313 4 e l e c t r o m e t a l l u r g i c a l p r o d u c t s 
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3315 53 s t e e l wire and r e l a t e d products 
3316 48 cold f i n i s h i n g of s t e e l shapes 
3317 31 s t e e l pipe and tubes 
3320 0 Iron and s t e e l foundries 
3321 88 gray i ron foundries 
3322 18 mal leable i ron foundries 
3324 9 s t e e l investment foundries 
3325 30 s t e e l foundr ies , nec 
3330 2 Primary nonferous metals 
3331 5 primary copper 
3332 2 primary lead 
3333 14 primary z inc 
3334 7 primary aluminum 
3339 12 primary nonferrous meta l s , nec 
3340 0 Secondary nonferrous metals 
3341 78 secondary nonferrous metals 
3350 1 Nonferrous r o l l i n g and drawing 
3351 26 copper r o l l l i n g and drawing 
3353 16 aluminum s h e e t , p l a t e and f o i l 
3354 11 aluminum extruded products 
3355 4 aluminum r o l l i n g and drawing, nec 
3356 29 nonferrous r o l l i n g and drawing, nec 
3357 41 nonferrous wire drawing & i n s u l a t i n g 
3360 1 Nonferrous foundries 
3361 145 aluminum foundr ies 
3362 77 b r a s s , bronze, and copper foundr ies 
3369 79 nonferrous foundr i e s , nec 
3390 1 Misc. primary metal products 
3398 67 metal heat t r e a t i n g 
3399 69 primary metal p roduc t s , nec 
3400 26 FABRICATED METAL PRODUCTS 
3410 0 Metal cans and sh ipp ing con ta ine r s 
3411 72 metal cans 
3412 39 metal b a r r e l s , drums, and p a i l s 
3420 1 Cut le ry , hand t o o l s , and hardware 
3421 18 c u t l e r y 
3423 119 hand and edge t o o l s , nec 
3425 18 hand saws and saw blades 
3429 214 hardware, nec 
3430 1 Plumbing and hea t i ng , except e l e c t r i c a l 
3431 30 metal s a n i t a r y ware 
3432 45 plumbing f i t t i n g s and brass goods 
3433 76 hea t ing equipment, except e l e c t r i c a l 
3440 9 Fabr ica ted s t r u c t u r a l metal products 
3441 292 fab r i ca t ed s t r u c t u r a l metal 
3442 173 metal doors , sash, and t r im 
3443 156 f ab r i ca t ed p l a t e work ( b o i l e r shops) 
3444 336 sheet metal work 
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3446 204 a r c h i t e c t u r a l metal work 
3448 60 p re fab r i ca t ed metal bu i ld ings 
3449 49 misc . metal work 
3450 3 Screw machine products , b o l t s , e t c . 
3451 421 screw machine products 
3452 276 b o l t s , n u t s , r i v e t s , and washers 
3460 2 Metal forgings and stampings 
3462 130 i ron and s t e e l forgings 
3463 6 nonferrous forgings 
3465 31 automotive stampings 
3466 11 crowns and c losures 
3469 476 metal s tampings, nec 
3470 3 Metal s e r v i c e s , nec 
3471 585 p l a t i n g and po l i sh ing 
3479 209 metal coat ing and a l l i e d s e r v i c e s 
3480 0 Ordnance and a c c e s s o r i e s , nec 
3482 17 small arms ammunition 
3483 5 ammunition, exc . for small arms, nec 
3484 15 small arms 
3489 10 ordnance and a c c e s o r i e s , nec 
3490 10 Misc. f a b r i c a t e d metal products 
3493 44 s t e e l s p r i n g s , except wire 
3494 121 valves and pipe f i t t i n g s 
3495 73 wire sp r ings 
3496 188 misc . f a b r i c a t e d wire products 
3497 10 metal f o i l and leaf 
3498 69 f a b r i c a t e d pipe and f i t t i n g s 
3499 329 f a b r i c a t e d metal products , nec 
3500 15 MACHINERY, EXCEPT ELECTRICAL 
3510 2 Engines and t u rb ine s 
3511 9 t u rb ine s and t u rb ine genera tor s e t s 
3519 37 i n t e r n a l combustion engines , nec 
3520 2 Farm and garden machinery 
3523 190 farm machinery and equipment 
3524 22 lawn and garden equipment 
3530 2 Cons t ruc t ion and r e l a t e d machinery 
3531 129 cons t ruc t i on machinery 
3532 37 mining machinery 
3533 17 o i l f i e l d machinery 
3534 23 e l e v a t o r s and moving s t a i rways 
3535 99 conveyors and conveying equipment 
3536 28 h o i s t s , cranes and monorails 
3537 69 i n d u s t r i a l t rucks and t r a c t o r s 
3540 14 Metalworking machinery 
3541 264 machine t o o l s , metal c u t t i n g types 
3542 111 machine t o o l s , metal forming types 
3544 1278 s p e c i a l d i e s , t o o l s , j i g s , and f i x t u r e s 
3545 278 machine t o o l a c c e s s o r i e s 
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3546 48 power dr iven hand t o o l s 
3547 9 r o l l i n g mi l l machinery 
3549 72 metalworking machinery, nec 
3550 0 Specia l indus t ry machinery 
3551 190 food products machinery 
3552 32 t e x t i l e machinery 
3553 37 woodworking machinery 
3554 17 paper i n d u s t r i e s machinery 
3555 182 p r i n t i n g t r a d e s machinery 
3559 238 s p e c i a l indus t ry machinery, nec 
3560 0 General i n d u s t r i a l machinery 
3561 91 pumps and pumping equipment 
3562 24 ba l l and r o l l e r bear ings 
3563 30 a i r and gas compressors 
3564 93 blowers and fans 
3565 124 i n d u s t r i a l p a t t e r n s 
3566 68 speed changers , d r i v e s , and gears 
3567 61 i n d u s t r i a l furnaces and ovens 
3568 21 power t r ansmiss ion equipment, nec 
3569 285 general i n d u s t r i a l machinery, nec 
3570 1 Office and computing machines 
3572 7 t ypewr i t e r s 
3573 144 e l e c t r o n i c computing equipment 
3574 10 c a l c u l a t i n g and account ing machines 
3576 22 s ca l e s and ba lances , exc. l abora to ry 
3579 70 of f ice machines, nec 
3580 1 Ref r ige ra t ion and s e r v i c e machinery 
3581 44 automatic merchandising machines 
3582 15 commercial laundry equipment 
3585 79 r e f r i g e r a t i o n and hea t ing equipment 
3586 10 measuring and d ispens ing pumps 
3589 146 s e r v i c e indus t ry machinery, nec 
3590 0 Misc. machinery, except e l e c t r i c a l 
3592 16 c a r b u r e t o r s , p i s t o n s , r i n g s , valves 
3599 2140 Machinery, except e l e c t r i c a l , nec 
3600 30 ELECTRIC AND ELECTRONIC EQUIPMENT 
3610 0 E l e c t r i c d i s t r i b u t i n g equipment 
3612 75 t ransformers 
3613 131 switchgear and switchboard apparatus 
3620 1 E l e c t r i c a l i n d u s t r i a l apparatus 
3621 85 motors and genera tors 
3622 147 i n d u s t r i a l c o n t r o l s 
3623 25 welding appa ra tus , e l e c t r i c 
3624 11 carbon and graph i te products 
3629 46 e l e c t r i c a l i n d u s t r i a l appara tus , nec 
3630 3 Household appl iances 
3631 24 household cooking equipment 
3632 5 household r e f r i g e r a t o r s and f r eeze r s 
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3633 5 household laundry equipment 
3634 41 e l e c t r i c housewares and fans 
3635 11 household vacuum c l eane r s 
3636 12 sewing machines 
3639 9 household a p p l i a n c e s , nec 
3640 1 E l e c t r i c l i g h t i n g and wir ing equipment 
3641 82 e l e c t r i c lamps 
3643 86 c u r r e n t - c a r r y i n g wir ing devices 
3644 39 noncur ren t - ca r ry ing wir ing devices 
3645 81 r e s i d e n t i a l l i g h t i n g f i x t u r e s 
3646 55 commercial l i g h t i n g f i x t u r e s 
3647 22 veh icu la r l i g h t i n g equipment 
3648 38 l i g h t i n g equipment, nec 
3650 0 Radio and tv r e c e i v i n g equipment 
3651 132 r ad io and tv r ece iv ing s e t s 
3652 87 phonograph records 
3660 6 Communication equipment 
3661 89 te lephone and t e l eg raph appara tus 
3662 300 r a d i o and tv communication equipment 
3670 13 E l e c t r o n i c components and acce s o r i e s 
3671 7 e l e c t r o n t u b e s , r ece iv ing type 
3672 8 cathode r ay t e l e v i s i o n p i c t u r e tubes 
3673 9 e l e c t r o n t u b e s , t r a n s m i t t i n g 
3674 103 semiconductors and r e l a t e d devices 
3675 11 e l e c t r o n i c c a p a c i t o r s 
3676 6 e l e c t r o n i c r e s i s t o r s 
3677 74 e l e c t r o n i c c o i l s and t ransformers 
3678 11 e l e c t r o n i c connectors 
3679 340 e l e c t r o n i c components, nec 
3690 1 Misc. e l e c t r i c a l equipment & supp l i e s 
3691 18 s to rage b a t t e r i e s 
3692 6 primary b a t t e r i e s , dry and wet 
3693 53 x- ray appara tus and tubes 
3694 78 engine e l e c t r i c a l equipment 
3699 136 e l e c t r i c a l equipment & s u p p l i e s , nec 
3700 7 TRANSPORTATION EQUIPMENT 
3710 2 Motor veh ic l e s and passenger car bodies 
3711 70 motor veh ic l e s and passenger car bodies 
3713 56 t ruck and car bodies 
3714 340 motor veh ic l e pa r t s and a c c e s s o r i e s 
3715 23 t ruck t r a i l e r s 
3720 0 A i r c r a f t and pa r t s 
3721 3 a i r c r a f t 
3724 6 a i r c r a f t engines and engine pa r t s 
3728 40 a i r c r a f t p a r t s and a u x i l i a r y equipment, not 
elsewhere c l a s s i f i e d 
110 
APPENDIX A. Continued 
No. of 
SIC f a c i l i t i e s Short t i t l e 
3730 2 Ship and boat bu i ld ing and r e p a i r i n g 
3731 13 sh ip bu i ld ing and r e p a i r i n g 
3732 44 boat bu i ld ing and r e p a i r i n g 
3740 1 Rai l road Equipment 
3743 69 r a i l r o a d equipment 
3750 0 Motorcycles , b i c y c l e s , and p a r t s 
3751 47 motorcycles , b i c y c l e s , and p a r t s 
3760 0 Guided miss ies space veh ic l e s and pa r t s 
3761 0 guided miss ies and space veh ic les 
3764 0 guided miss le and space veh ic l e propuls ion 
u n i t s and uni t p a r t s 
3769 1 guided miss le and space veh ic l e pa r t s and aux. 
equipment, nec 
3790 0 Miscellaneous t r a n s p o r t a t i o n equipment 
3792 28 t r a v e l t r a i l e r s and campers 
3795 1 tank and tank components 
3799 34 t r a n s p o r t a t i o n equipment, nec 
3800 1 INSTRUMENTS AND RELATED PRODUCTS 
3810 0 Engineering and s c i e n t i f i c ins t ruments 
3811 104 engineer ing and s c i e n t i f i c ins t ruments 
3820 0 Measuring and c o n t r o l l i n g s ev i ce s 
3822 66 environment c o n t r o l s 
3823 106 process con t ro l ins t ruments 
3824 22 f l u i d meters and count ing devices 
3825 76 ins t ruments to measure e l e c t r i c i t y 
3829 77 measuring and c o n t r o l l i n g devices 
3830 0 Opt ica l ins t ruments and l e n s e s 
3832 47 o p t i c a l ins t ruments and l e n s e s 
3840 0 Medical ins t ruments and s u p p l i e s 
3841 108 s u r g i c a l and medical ins t ruments 
3842 163 s u r g i c a l appl icances and supp l i e s 
3843 96 den ta l equipment and supp l i e s 
3850 0 Opthalmic goods 
3851 112 opthalmic goods 
3860 0 Photographic equipment and supp l i e s 
3861 165 photographic equipment and supp l ies 
3870 0 Watches, c locks , and watchcases 
3873 50 watches, c locks , and watchcases 
3900 1 MISCELLANEOUS MANUFACTURING INDUSTRIES 
3910 1 Jewelry , s i l v e r w a r e , and p l a t ed ware 
3911 153 j ewe l ry , prec ious ware 
3914 24 s i lve rware and p l a t ed ware 
3915 25 j e w e l e r s ' m a t e r i a l s & l a p i d a r y work 
3930 5 Musical instruments 
3931 92 musical ins t ruments 
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3940 1 Toys and spo r t i ng goods 
3942 23 d o l l s 
3944 162 games, t o y s , and c h i l d r e n ' s veh ic l e s 
3949 210 s p o r t i n g and a t h l e t i c goods, nec 
3950 0 Pens, p e n c i l s , o f f i ce and a r t supp l i e s 
3951 8 pens and mechanical penc i l s 
3952 28 lead penc i l s and a r t goods 
3953 82 marking devices 
3955 21 carbon paper and inked r ibbons 
3960 0 Costume jewel ry and not ions 
3961 68 costume jewel ry 
3962 19 a r t i f i c i a l flowers 
3963 6 but tons 
3964 23 need l e s , p i n s , and f a s t e n e r s 
3990 0 Misc. manufactures 
3991 50 brooms and brushes 
3993 421 s igns and a d v e r t i s i n g d i s p l a y s 
3995 19 bu r i a l caske ts 
3996 5 hard su r face f loor coverings 
3999 583 manufacturing i n d u s t r i e s , nec 
4000 1 RAILROAD TRANSPORTATION 
4010 60 Rai l roads 
4011 71 r a i l r o a d s , l i n e - h a u l ope ra t i ng 
4013 40 swi tch ing and t e rmina l s e r v i c e s 
4200 38 TRUCKING AND WAREHOUSING 
4210 1453 Trucking, l oca l and long d i s t a n c e 
4212 3140 l o c a l t r uck ing , without s t o r age 
4213 1517 t r u c k i n g , except l o c a l 
4214 251 l o c a l t ruck ing and s to rage 
4220 1 Publ ic warehousing 
4221 66 farm product warehousing and s to rage 
4225 613 general warehousing and s t o r age 
4226 140 s p e c i a l warehousing and s t o r a g e , nec 
4230 0 Trucking te rminal f a c i l i t i e s 
4231 118 t ruck ing te rmina l f a c i l i t i e s 
4500 6 TRANSPORTATION BY AIR 
4510 3 C e r t i f i c a t e d a i r t r a n s p o r t a t i o n 
4511 84 c e r t i f i c a t e d a i r t r a n s p o r t a t i o n 
4580 2 Air t r a n s p o r t a t i o n s e r v i c e s 
4582 124 a i r p o r t s and f l y ing f i e l d s 
4583 24 a i r p o r t t e rmina l s e r v i c e s 
4600 2 PIPE LINES, EXCEPT NATURAL GAS 
4610 11 Pipe l i n e s , except n a t u r a l gas 
4612 21 crude petroleum pipe l i n e s 
4613 18 r e f ined petroleum pipe l i n e s 
4619 1 pipe l i n e s , nec 
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4700 1 TRANSPORTATION SERVICES 
4710 0 F re igh t forwarding 
4712 296 f r e i g h t forwarding 
4740 0 Rental of r a i l r o a d ca rs 
4742 17 r a i l r o a d car r e n t a l with s e r v i c e 
4743 17 r a i l r o a d car r e n t a l without s e r v i c e 
4789 46 t r a n s p o r t a t i o n s e r v i c e s , nec 
4810 202 Telephone communication 
4811 134 te lephone communication 
4900 12 ELECTRIC, GAS, AND SANITARY SERVICES 
4910 15 E l e c t r i c s e r v i c e s 
4911 256 e l e c t r i c s e r v i c e s 
4920 46 Gas product ion and d i s t r i b u t i o n 
4922 62 n a t u r a l gas t r ansmiss ion 
4923 11 gas t r ansmiss ion and d i s t r i b u t i o n 
4924 38 n a t u r a l gas d i s t r i b u t i o n 
4925 22 gas product ion and/or d i s t r i b u t i o n 
4930 2 Combination u t i l i t y s e r v i c e s 
4931 22 e l e c t r i c and o ther s e r v i c e s combined 
4932 1 gas and o the r s e r v i c e s combined 
4939 0 combination u t i l i t y s e r v i c e s , nec 
4950 42 S a n i t a r y s e r v i c e s 
4952 1033 sewerage systems 
4953 2612 re fuse systems 
4954 8 waste p i l e s * 
4955 48 b a r r e l s - waste d i sposa l* 
4956 20 i n j e c t i o n - waste d i sposa l* 
4957 8 land a p p l i c a t i o n - waste* 
4958 9 ponds - waste s to rage* 
4959 125 s a n i t a r y s e r v i c e s , nec 
5010 3 Motor veh i c l e s & automotive equipment 
5012 298 automobiles and o the r motor veh ic les 
5013 1604 automotive p a r t s and supp l i e s 
5039 562 c o n s t r u c t i o n m a t e r i a l s , nec 
5050 0 Metals and mine ra l s , except petroleum 
5051 818 metal s e r v i c e cen te r s and o f f i ces 
5052 37 coal and o ther minera ls and ores 
5074 437 plumbing & hydronic hea t ing supp l ies 
5078 77 r e f r i g e r a t i o n equipment and supp l ies 
5080 0 Machinery, equipment, and supp l ies 
5081 1347 commercial machines and equipment 
5082 227 cons t ruc t i on and mining machinery 
5083 934 farm machinery and equipment 
5084 1997 i n d u s t r i a l machinery and equipment 
5085 781 i n d u s t r i a l supp l i e s 
5087 573 s e r v i c e es tab l i shment equipment 
5088 135 t r a n s p o r t a t i o n equipment & suppl ies 
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5092 38 waste r ecyc l e / r ec l a im* 
5093 478 sc rap and waste m a t e r i a l s 
5160 0 Chemicals and a l l i e d products 
5161 652 chemicals and a l l i e d products 
5170 0 Petroleum and petroleum producs 
5171 592 petroleum bulk s t a t i o n s & t e rmina l s 
5172 307 petroleum products , nec 
5191 1336 farm supp l i e s 
5198 181 p a i n t s , v a r n i s h e s , and supp l i e s 
5230 37 P a i n t , g l a s s , and wallpaper s t o r e s 
5231 600 p a i n t , g l a s s , and wallpaper s t o r e s 
5260 2 R e t a i l n u r s e r i e s and garden s t o r e s 
5261 644 r e t a i l n u r s e r i e s and garden s t o r e s 
7213 64 l i n e n supply 
7216 1108 dry c lean ing p l a n t s , except rug 
7218 46 i n d u s t r i a l l aundere r s 
7342 228 d i s i n f e c t i n g and ex te rmina t ing 
7391 262 r e sea rch & development l a b o r a t o r i e s 
7395 221 pho tof in i sh ing l a b o r a t o r i e s 
7397 91 commercial t e s t i n g l a b o r a t o r i e s 
7399 4275 business s e r v i c e , nec 
7534 81 t i r e r e t r e a d i n g and r e p a i r shops 
7535 38 pa in t shops 
8050 0 Nursing and Personal care f a c i l i t i e s 
8060 36 Hospi ta l s 
8062 255 general medical & s u r g i c a l h o s p i t a l s 
8070 1 Medical and Dental Labora to r ies 
8071 230 medical l a b o r a t o r i e s 
8072 272 den ta l l a b o r a t o r i e s 
8220 1 Col leges and u n i v e r s i t i e s 
8221 148 co l leges and u n i v e r s i t i e s , nec 
9223 30 c o r r e c t i o n a l i n s t i t u t i o n s 
9510 6 Environmental q u a l i t y 
9511 33 Air , water & s o l i d waste management 
9512 58 Land, minera l , w i l d l i f e conserva t ion 
9620 9 Regula t ion , a d m i n i s t r a t i o n of t r a n s p o r t a t i o n 
9621 0 r e g u l a t i o n , a d m i n i s t r a t i o n of t r a n s p o r t a t i o n 
9711 59 n a t i o n a l s e c u r i t y 
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